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- OPENING STATEMENT

Gentlemen, ladies. I appreciate this opportunity, at the invitation of
Senator Kerr, who is Chairman of the Space Committee of the Senate, to open
the First National Conference on Peaceful Uses of Space.  And T regret very
much that 1 am unable to participate personally in this conference and in the
discussion in which you will be engaged.  Your conference subject deals with
the very heart of our national policy, in space research and exploration, to
whicli T devoted a good deal of my speech yesterday before the Congress. - All
of us in the United States and in all nations can derive many benefits from
the peaceful application of space technology. The impact of this new science
will be felt in our daily lives. It can bring all people closer together through
improved communications. It can help control the weather and the climate
around us.  We can safely predict that the impact of the space age will have a
far-ranging effect within indnstry and in our labor force, on medical research,

-education, and many other avess of nutional concern. The keystone of our

national policy is space rescarch. ax detined in the act which established the
National Aeronautics and Space Adinini~tration, whose function is “the pres-
ervation of the role of the United Sii -~ ws a leader in aeronauntical and space
science and technology and in the application thereof to the conduct of peaceful
activities within and outside the atmosphere.”

These are thea\‘ords in the act Of the Congress, “the preservation of the
role of the United States as a leader.” And it is to meet that great responsi-
bLility that I have suggested a great national effort in the field of space for the
American people. We are dodu.llml to the accomplishment of this objective
and are determined that this Nation will contnme to be a pioneer in the new
frontier of space.

I am delighted that the people of Tulsa have taken the initiative in the
heart of our country in making this important meeting possible, and that the
response has been so widespread. It indicates the forward spirit of this city
and this state and our country. And I hepe this conference will establish a
precedent as the people of America move forward into space.

PRESIDENT JOHN F. TLNNEDY‘-~~--.~~-.-_"-.;_M_;_' "
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NASA SPACE FLIGHT PROGRAMS

1. IMPACT OF SPACE RESEARCH ON THE SCIENCES

by ROBERT JASTROW®

Space research is a vigorously expanding
field, and growing even more rapidly than
nuclear physics did in the years after the Second
World War. We have in fact developed an
entirely new area of research to a very high

_level of activity in the short space of three
years: In 1958, a typieal scientific monthly, the
- Journal of Geophysical Research, printed five

papers on space research, while in 1960 the same
monthly printed no less than 120 papers in this
field. ,

This phenomenal growth stems from the
availability of rockets and spacecraft that can
carry apparatus weighing several hundred
pounds into orbit above the atmosphere or out
into interplanetary space. These spacecraft
permit. us to obtain data that we could not get
on the ground. They open up new avenues of
attack on some of the most important problems
in science—problems related to the manner in
which the Sun controls the atmosphere of the
Earth; to the structure of the Earth, the Moon,
and the other bodies in the solar system; to the
origin and history of the solar system; and to
the structure and evolutionZof stars’ and
galaxies. C

Our Government and our scientists ave re-
sponding to these opportunities with a remark-
able display of energy and imagination.  Ina
series of 19 elaborately instrumented scientifie
satellites and space probes launched during the
Iast three years, we have examined the prop-
erties of the upper atmosphere and its exten-
sion into the interplanetary medium, and
unraveled the complex and sigmiticant hixtory
of the relation between atmospheric properties
and solar eruptions: we have taken photographs

*Dircctor. Space Selences Institute Natlonal Aeronautics
and Space Administration,

of the Earth from above, which reveal patterns
of organization in the clond cover extending
over areas of hundreds of thousands of square
miles at one time, and promise to produce rapid
advances in our ability to predict weather; we
have charted the deviations of orbits of satel-
lites from their expected paths, determining
thereby the irregularities in the gravitational
field of the Earth, and acquiring an under-
standing of the structure of our planet n its
deep interior that could not be gained by sur-

face means: and most recently we have launched -

a gamma-ray telescope into orbit, desigmed to
reveal the sources of energetic radiation in the
sky. sources that have been hidden from us
until mow by the blanketing effect of the
Earth's atmosphere, .

In order to nnderstand why these projects
are of such fundamental scientifie importance,
we must be acquainted with the description of
the physical world that has developed ont of
the advances of science during the last 50
years. It is a description of remarkable sim-
plicity, according to which every complex ob-
ject in the universe is constructed ont of just
three fundamental building blocks, and every
event that oceurs in the natural world is gov-
erned by the actions of just three fundamental
physieal forces.

The fundamental building blocks of the uni-
verse are the neutron, the proton, and the elec-
tron. The neutron and proton . are bound
together very tightly by nuclear forces into
a compaet maz<, which constitutes the atomic
nuelens.  Electrons revolve around the nu-
clens, bound to it by electrical forces, and the
electrons and central nuelens together form
the atom. Atoms in turn are cemented to-
gether to form =olid matter (tig. 1).

Y




The Earth'is a large collection of such atoms
cemented into solid matter; it and the other
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planets are all bound to the Sun by the force
of gravity, and revolve around the Sun in much
the same way as the electrons revolve around

the nucleus of the atom (fig. 2). The Sun is
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FIGURE 2

one of 100 billion stars, which are bound to-
gether by gravitational forees into a disk-
shaped mass called a galaxy.  We can see the
cross section of this g l]'l\\‘ whenever_we look
up into the sky at ﬂw .\hlk_\ Way. The gal-
axies tend, in turn, to collect into large elusters,
eacli containing on the average about 1000 gal-
axies, These clusters of galaxies together
make up the universe, according to current
ideas at this junetion in the development of
selence, :
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This is the hierarchy of structure in the nat-
ural world. Tt is remarkable that the progres-
ston in size and complexity, from the smallest
subnuclear particles to the galactic clusters,
built on only a few basic forces of nature.

First and most powerful is the nuclear foree,
which cements neutrons and protons together
into the tightly bound nucleus of the atom.
Because this force of attraction is so strong, the

-nucleus is extremely compact : it has a density

of one billion tons per cubic inch.

Next is the electromagnetic force, which ‘is
approxinutely 100 times weaker than the nu-
clear force. The electromagnetic force binds

electrons to the nucleus to form atoms. and.

binds the atoms together into solid matter.
Least powerful is the force of gravitation.

~ The gravitational force is exceedingly weak,

about 10*° times weaker than the nuclear force.
Nonetheless, it is this very frail agent that keeps
the Moon in orbit around the Farth, the Earth
and other planets revolving around the Sunm,
and the Sun and other stars elustered together
in our galaxy.

Strangely enough, the birth of the stars de-
pends on the interplay between the forces of
gravity and the nucleus—the weakest and the
strongest forces in nature. According to the
best evidence, stars are formed out of accidental
condensations arising in the swirling and tur-
bulent motion of the gas and dust that pervade
outer space. When a condensed region devel-
ops by chance in some part of outer spuce, the
particles in the region are drawn still closer
together by the attractive force of gravity, and
the condensation develops until o\‘mmm"_\' the
entire mass is highly compressed. This takes
about 10 million years. The compression
enuses the center of the elond of gas and dust
to become quite hot, reaching a temperature of
about ten nillion degrees, .

At such high temperatures nnclear reactions
can ignite spontaneously. In these reactions,

the hydrogen nuelei at the center of the gust
cloud combine to form helinm nuclel, relewsthe

at the sune time enormous amounts of energy.
The energy generated by these nuclear reactions
is ureat mmu;_'h to keep the star from collap<ing
further under the force of gravity, and it lives
out the rest of its life in a precarions balunee
between nuclear and gravitational pressures,
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the laboratory under controlled conditions.

The release of nuclear energy incidentally
provides the source of the light by which we
see the star.

The process by which hydrogen nuclei com-
bine to form lelium is called thermonuclear
fusion (fig. 3). It has been duplicated on
Earth in the explosion of hydrogen bombs, and
attempts are also in progress to produce it in
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FIGURE 3

Astronomers and physicists have come to the
conclusion that this reaction that goes on in
newly born stars is the first step in a cooking
process in which all the elements of the universe
are synthesized out of hydrogen as the basie
building block. As the burning continues at
the center of the young star, the hydrogen is
gradually veplaced by helium, until eventually
helium becomes the dominant constituent.
Since, in this nuclear reaction, hydrogen is the
fuel and helium constitutes the ashes, when a
large amount of helium has been produced, the
burning process or star-fire is =mothered to
some degree and slows down: when that oceurs,
the star begins to collapse again under the foree
of mavity., The collapse produces a further
compression and inerease in temperature at the
center of the star, until the core becomes so
hot that the helium itself starts to burm. With
the burning of helium, the fire is renewed at
the center and the gravitational collapse is
halted.

The burning of the helium econsists in the
combining of three lelinm nuelei to form the
single heavier nucleus of carbon. This fusion

Ty N e A o gL 1R S e 1o, e+ o AR 5 g e

“of helium nuelei into carbon is again accom-

panied by the release of a large amount of
energy. When a substantial fraction of the
helium has been converted into earbon, the next
stagre of burning beging, and in this way suc-
cessively heavier elements are built up from the
original hydrogen.

However, when the eritical element of iron
is renched, the process halts.. The iron nucleus
is approximately halfway between the lightest

- and the heaviest elements in nature, and it is

also the most stable of all elements. It absorbs
energy instead of releasing it, and severely
damps the reaction. In faet, it puts out the
fire, and when this happens the star collapses
completely under the foree of gravity. The col-
lapse produces enormous pressures and temper-
atures, and these conditions cause an explosion
in which the star is blown apart.

The explosion marks the end of the star’s
life. Itis all over very quickly, the collapse of
the star from the initial radius of n million miles
or so oceurring in a matter of seconds. That is
a short time for the demise of an object that
has lived some 10 billion years.

Almost all the matter of the star is ejected
into space by the explosion, including the heavy
elements the star has been manufacturing
during its lifetime. After the explosion these
heavy elements mix with the Livdrogen gas in

~the space between the stars, and in the course

of time new stars condense from the enriched
mixture of gas and dust, as we described pre-
viously, Thus, the life history of the star is a
evele of dust to dust, from birth out of the con-
densation of interstellar matter to final destrue-
tion by collapse and explosion.

The exploding star is calied a supernova.
Such exploding stars are extremely bright : they -
may be as much as one billion times brighter
than the Sun.

About 30 supernovae have been photographed
with telescopes in the last 75 years. In our own
galaxy, only a few occur every thousand years
that are bright enough to be seen by the unaided
eve, The earliest reported supernova was the
brilliant explosion recorded by Chinese astron-
omers in 1054 A1L At the position of this
supernova there is today a great clond of gas
known ax the Crab Nebula, which is expanding
outward at a speed of 1,000 miles per second,

5
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This nebula is believed to be the remains of the
explosion of 1054 A.D.

It is very important to notice that these Crab
Nebula photographs (fig. 4) were taken in sev-
eral colors, including the infrared, but excluding
the ultraviolet. The ultraviolet photograph is
missing because ultraviolet light cannot pene-
trate the atmosphere. In fact, the atmosphere
filters out a large part of the radiation emitted
by the stars. Only the visible region and a part
of the radio spectrum can get through to the
ground. Thisis extremely unfortunate, because
the light from the stars provides our only con-
tact with the distant regions of the universe.
This light is collected by large telescopes and

-analyzed to tell us the constitution, the temper-

ature, and the other basic characteristics of the
stars and the gas and dust in space. That is

how we obtain the knowledge we now possess
regarding the universe around us.

Yet, because of the absorbing effect of the
atmosphere, the information that we can collect
on the ground in this way is only a pitifully
small fraction of the total that would otherwise
be available. The space program now provides
us, for the first time in the history of science,
with the possibility of collecting all accessible
information about the stars, by sending. a tele-
scope into orbit above the atmosphere. The
project requires the mounting of this large and
delicate instrument in a satellite, the develop-
ment of accurate and reliable methods for
pointing it at specific stars under remote con-
trol from the ground, and other extremely for-
midable engineering problems: but the orbiting
telescope will be so valmable a source of other-
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wise unobtainable information that it has been
given a very high priority in the science pro-
gram of the NASA. When the satellite tele-
scope is launched into orbit, it will be a giant
step forward in astronomy, and one of the most
important contributions that the space program
ean make to science. -

Another problem to which the space program
ean make a unique contribution is the question
of the origin of the solar system. -~

We know that. the solar system was formed
about 4.5 billion years ago, but we do not know
how it was formed, and this problem has been
the subject of much thought and speculation for
centuries. The investigation of the origin of
the solar system by instruments carried to the
Moon and planets in space-flight vehicles is a
project of the greatest scientific importance anld
general interest.

The Moon plays a special role in this investi-
gation, because it is a body whose surface has
preserved the record of its history for an ex-
ceptionally long time (fig. 5). On the Earth,
the atmosphere and the oceans wear away sur-
face features in 10 to 50 million years. Moun-
tain-building activity turns over large areas of
the surface in about the same time. There is
little left on the surface of the Earth of features
that existed several hundred million or a hillion
years ago, and the same is probably true of
Mars and Venus, whose properties resemble
those of the Earth. But on the Moon there are
no oceans and atmosphere to destroy the sur-
face, and there is little if any of the mountain-
building activity that rapidly changes the favce
of the Earth.

For these reasons the Moon has retained a
record of its history that probably extends back

7
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through many billions of years to the infancy
of the solar system. To the student of the early
history of ihe solar system, the Moon is even
more important scientifically than Mars and
Venus.

The internal structure of the Moon can also
provide clues to the origin of the solar system,
quite apart from the study of its surface fea-

tures. One of the theories for the formation_

of the planets; Which was popular until recent
times, held that they were created during a near
collision between our Sun and another star, in
which the gravitational forces between these two
massive bodies tore out huge streams of flaming
gas (fig. 6). As the second star receded, the
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masses of gas that happened to be near the Sun
were captured by it into orbits in which they
eventually cooled and solidified to form the
planets,

If such a collision were the way in which the
solar system was formed, then the Moon and
the planets must have been very hot at an earlier
stage in their histories. In that case, the heavy
elements in their interiors would melt and run
to the center to form a dense core. Iron is the
most_abundant of the heavy elements, and all
planetary bodies would therefore have iron
cores, according to this theory,

Another theory holds that the pluets were
formed ont of condensations of gas and dust
around the Sun (fig. 7). We know that stars
thems=elves are probably formed in thiz way, by
the condensation of interstellar gas and dust.
It seems likely that smaller condensations would

8
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develop in the cloud of dust around the primi-
tive Sun during the early stages of its lifetime,
before all the surrounding material had been
drawn to the center by gravity. The Moon and
planets would then have been forined out of
these subcondensations,

If the Moon and plinets were indeed con-
densed out of cold gas and dust, then the iron
in their interiors would not necessarily melt
and flow to the center. Planets as large as the
Earth might be expected to melt completely, as
a result of the heating due to decay of radio-
active elements in the interior, and thus to de-
velop iron cores in any case. But the Moon is
smaller and colder,'and if it were formed cold,
enough heat would be lost from the lunar sur-
face to keep it from melting subsequently. As
a result, the Moon would not. form an iron core,
but would retain a structure in which bits of
iron are distributed through the main body of
rock, like raisins in a fruitcake (fig. 8).

Duving the lunar-exploration program, we
hope to study this and other questions related
to the internal structure of the Moon, by land-
ing on its surface instruments of the kind used
to study the interior of the Earth. Earthquake
records have been the source of most of our in-
formation on the internal structure of the
Farth, and they were the means by which we
dizcovered that the Earth has a lignid core.
An instrument for detecting earthquakes will
therefore be the tirst instrament to be dropped
on the surface of the Moon, in our lunar-ex-
ploration program, as a part of the fortheom-

9
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ing.series of ﬂights with the Ranger spacecraft

“in the next year or so.

A third problem of major importance in the
space program is the study of the control ex:
erted by the Sun over the atmosphere of the
Earth.

We know that the surface of the Sun boils
and bubbles actively, ejecting huge clouds of
charged particles and streams of X-rays into
the space between the Sun and the planets,
These solur eruptions are known as flares. If
the flares occur in the right position on the
Sun’s surface, the clouds of charged particles
are ejected toward the Earth and travel across

- space to collide with our atmosphere. Although

the energy carried by these solar particles aver-
ages less than one millionth of the energy radi-
ated v the Sun in the form of visible light, and
their effects aré usually not noticed by the man
in the street, they can, nonetheless, he very im-
portant. They produce communications black-
outs. magnetic storms, and aunroral displays;
and they also produce violent changes in the in-
tensity of the Van Allen belts, which are ap-
parently related, in a manner not vet clearly
understood, to the other atmospheric effects
that accompany solar flares.

The entire matter of Sun-Farth relations, in-
cluding the formation of the Van Allen belts
and their possible role in gvophysieal phenom-
ena, constitites a relatively new area of research
in the space sciences, It ix an area that was
greatly stimulated  during the International
Geophy=ieal Year by Van Alen's diseovery of

020550~ 61 -2 B

the radiation belts that bear his name, and that
is, at the moment, the most exciting and fruit-
ful field of research in the space-science
progran. ‘

In the great flares of 1960 we obtained for
the first time an understanding of the complete
sequence of events during one of these erup-
tions. These were the flares at the end of March,
in September, and in November of 1960, At
various fimes during these events we had the
Explorer VIT satellite in orbit near the Earth,
the Pioneer V spacecraft out in interplanetary
space, and a large number of experimenters
simultaneously taking observations on the
ground.

The combination of the space-flight data and
the ground observations revealed a fascinating
picture. Tt appears that a tongue of plasma
(i.e.. of relatively slow-moving charged parti-
cles) ernpted from the surface of the Sun at
the site of the flare, and moved out across inter-
planetary space at a speed of about 1000 miles
per second. At this rate it took the plasma
cloud about one day to reach the Earth. The
cloud dragged with it lines of solar magmetic
force, which were frozen into the cloud and
foreed to move with it by the laws of electro-
magnetismi. These lines of magmetic force had
their roots on the surface of the Snn in the
vicinity of the thare, but as the plasma tongue
moved across space they were drawn out with
it like loops of taffy (fig. 9).

When magnetic-foree lines become distended
in this manner, they lose their strength: and
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by the time these reached the Earth, they were
some 500 times weaker than they were at the
surface of the Sun. However, the maguetic
field within the plasma tongue was still suf-
ficiently strong to screen the Earth partially
from the cosmic rays that normally bombard
it. The screening effect is called a Forbush
decrease, after Forbush of Carnegie Institute,
who discovered it about ten years ago. During
the solar events of March and November 1960,

. the. Forbush decrease was observed simultane-...-
" ously on the Earth, in the Explorer VII satel-

lite, and in the Pioneer V spacecraft. The
magnetic-field variations were also observed at
the same time, both in interplanetary space and
on the ground. By combining these observa-
tions in space and on the Earth, we were able
to determine the cause of .the Forbush decrease
and to construct this picture of solar eruptions

~and their influence on the Farth's atmosphere.

This is a major step forward in the understand-

_ing of Sun-Earth relationships, and one that

represents, better than any other project at the
present time, the rapid progress that space-
flight vehicles can bring to scientific research.

But the value of the space-science program is
not limmited to its intrinsic importance in reveal-
ing the lIaws that govern the physical world, Tt
also plays an escential supporting role in the
programs for manned space flight and for satel-
lite applications.

In the program for manned flight, human ex-
perience will be extended to new and initially
hostile environments whose unknown hazards
must be discovered and controlled. For ex-
ample, the first- major discovery of the space

_program in basic science was the Van Allen

radiation belt, which plays such an important
role in our gradually developing understanding
of Sun-Earth relationships; but Van Allen’s
discovery also revealed at the same time a
pmvlonsl) un».uspt-c'ted d.mgor for man in
space. :

As a second emmple the streams of fast
particles emitted from the Sun during flares
are one of the most interesting and most
important scientific discoveries to come out of
the space program duving the last year: yet

10
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these particles are, again, a hazard to space
travel, and even more dangerous than the Van
Allen l)elts to the future occupants of manned
spacecraft.

We are making progress in this study of solar
activity, and with a strong continuing effort we
should be able to predict the occurrence and
control the harmful effects of these solar
outbursts,

The support of manned flight isalso an essen-

-tinl element-in the motivation of the lunar pro-

gram. This program is designed to study the
surface features and composition of the Moon's
surface, in part for the clues they can provide
to the history of the solar system: but the same
study will also provide the data needed for
manned lunar landings: the mapping of the
surface for navigation across the lunar terrain:
and the analysis of composition for minerals.
water content, and other constituents that may
contribute to the life support of manned lunar
bases. In these and other ways the full spec-
trum of activities in the scientific program will
contribute to the accomplishment of manned
space flight,

In addition, in the course of the next several
vears the space-science program will provide
important support to our satellite projects in
the fields of weather forecasting and communi-
cations. The weather-satellite program is re-
lated in a particularly direct manner to the
NASA program of research in the atmosphere
and ionosphere. The problem of weather fore-
casting is to predict the response of the
atmosphere to local variations in the ahsorption
and reradiation of solar energy over the surface
of the globe. These variations in the transfer
of radiant energy produce temperature and
pressure differences over land and sea areas,
differences that are balanced by the generation
of wind, clounds, rain, and all the other
phenomena that collectively compose the
weather. But the study of this problem re-
quires an understanding of all the factors that
2o into the determination of atmospherie con-
ditions: for the .ltmmphore is a single system
in which every region interacts with all other
regions, and the behavior of the weather in a
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forecasting.
for atmospheric and meteorological ‘research - -
_are intimately connected; and we can expect

given territory cannot be understood unless we
know the properties of the air in large areas on
all sides, and vertically upwards as well.

The projects for atmospheric investigations
with satellites are designed to provide this over-
all view of the atmosphere and its properties,
which constitutes an essential element of sup-
port for the future development of weather
In this manner our programs

them, together, to produce major improvements
in our understanding of the mechanisms that
generate weather changes, and in the range and
accuracy of weather forecasting.

It is in this way, through the union of the
basic investigations into the laws of the natural
world, and the projects for the prediction and
control of natural events, that the space research
program will have its major impact on the
sciences. ' ‘

11
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NASA SPACE FLIGHT PROGRAMS
2 SATELLITES AND SPACE PROBES

TUBY EGAR M. ComrriGHTY e i e e e

. ABSTRACT

The United States has undertaken an inten-
sive program to explore space with highly in-
strumented satellites and space probes. In
addition to its basic contributions to science,
this program will lny the groundwork for later
manned exploration.

This paper presents a brief review of pro-
gram objectives, successful spacecraft and their
accomplishments, and spacecraft of the future.

INTRODUCTION

The exploration of space is an adventure
story, one that has just begun to be written.
History will record no single author—merely
that in this infinitesimal segment of time and
space man began to extend his domain beyond
the confines of the Earth. Thus, in a sense,
we are all authors.

The starry universe provides the incompa-
rable setting for our story. It remains to out-
line the plot, the main characters, and some of
the first significant episodes. In this talk 1
will attempt to provide this outline. My
fondest hope is that T might stimulate more
interest, understanding, and self-association on
the part of the listener. The exploration of
space is an experience to be enjoyed by every
one of us.

WHAT ARE WE EXPLORING?

Space exploration, during its first decade.
will concentrate on selected problem areas.
These are depicted in fignre 1. Our Sun is but
one star in some hundred billion that compose
our galaxy, known as the Milky Way. The
relative position of the Sun is shown with the
aid of a photograph of another galaxy on the

—_——
*Asststant Director for Lunar and Planetary Prosrames.
National Aerapanties and Space Mdmtuistration.
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Ficure 1

left side of the ficure. We are not now able to
send spacecraft beyond the gravitational field
of our Sun, but we can and do study other stars
and galaxies with various types of telescopes,
first from the ground and now from satellites.
We can, however, explore the Earth's en-
vironment and selected portions of our solar
system by sending instrumented spacecraft to
these regions. s shown in the sketch on the
right of figuve 1, our nearest neighbors are the
Moon, Venus, and Mars. During this decade
we will concentrate on learning all we can
about these celestial bodies and the inter-
planetary space in which they are immersed.

WE EXPLORE THE PLANET EARTH

The most couvenient planet to study is the
Earth itself. It is surprising that we know as
little abont the Earth as we do. By extending
our knowledge of the Earth with scientific
satellites, we are also gaining invaluable ex-
perience preparatory to exploring Mars and
Venus.
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FIGURE 2

Figure 2 illustrates some of the phenomena
we can study with the aid of satellites. These
include the Earth's magnetic field, the belts of
particles trapped in this field, and the influence
of clouds of charged particles and radiations
coming from the Sun. .Among the practical
contributions of such seientifie studies will be a
hetter understanding of the energy balauce of
the Earth and a better understanding of radia-
tion hazards to future space travelers. Satel-
lites are alzo extremely useful to the study of
the ionosphicre, the high-altitude layer of ions
and electrons from which we reflect our world-
wide radio signals. In addition, the upper
regrions of the Earth's atmosphere, where solar

adintion produces mysterious effects, can be

effectively studied with satellites.

The United States has successfully Tannched
‘41 satellites, and the Russians 11, Somwe of the
more successful xeientific satellites are shown in
figure 3. Sputnik I wax, of course, a dramatie
first. Explorer T and Vanguard T were small
satellites that made large contributions to our
scientific knowledge. Vanguard TIT and Ex-
plorers VI to VHI are typical of the highly
sophisticated =atellites in the 50- to 100-pound
class that we have launched with our first-
generation  launch  vehicles, Vanguard and
Juno 11, Discoverer X111, part of an ad-
vaneed Air Force project, was the tirst satellite
to return a payload from orbit. .\ later Dis-
coverer flight returned important samples of
radiation  damage. Sputnik T was  the
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FIGURE 3

heaviest scientific satellite and apparently the
most successful Soviet effort in this field.
Some of the important scientific findings of
these early satellites are indicated in"fizure 4.
The radiation belts were among the first dis-
coveries obtained with space vehicles. The
characteristies of these belts were somewhat of
a surprise.  What was first thought to be one
belt soon became two, and now there are indi-
cations of a third, The Earth’s magnetic field,
which holds the charged particles composing
the radiation belts, has now been partiaily
mapped to thousands of miles altitude. We
now know that the Earth is not a slightly
flattened sphere but is somewhat distorted in
the shape of a pear, a significant result in terms
of the structural strength of the Earth's crust
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and in the science of orbit prediction. Meas-
urements of the reflected and reradiated energy
from the Earth, the atmosphere, and clouds
have given us new insight into the heating and
cooling processes that generate our weather.
In addition, changes in the height of our atmos-
phere that are produced by solar influence have
been detected from measurements of satellite

.. drag. . New. information is being gathered on
cosmic rays, and the top side of the ionosphere
is now being carefully probed. Asalways, an-
swers to old questions breed new ones, and such
is the course of progress.

Our future approach to geophysical satellites
will see the development of some large space-
craft that will replace many of the smaller ones
now in use. Figure 5 illustrates some of these
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future spacecraft. One of these is the Inter-
national Ionosphere Satellite, one of the space-
eraft. in NASA's program for international
cooperation in space science.  This satellite will
make direct measurements of the properties of
the ionosphere with a number of sensing instru-
ments devised by scientists in the United King-
dom. The design and construction of the
strueture and data-transmission system for the
satellite are the responsiblity of our own labora-
tories. Another spacecraft, not shown here, is
being built by a Canadian groap for other iono-
spheric studies. These projects will continue
the program of direct ionospheric measurements
from satellites that was initiated in Explorer
VI, Lanched in November 1960, The rela-
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tively inexpensive solid-propellant Scout ve-
hicle will launch the satellite shown.

The satellite illustrated in the center of the
figure carries many advanced instruments to
study the particles and fields surrounding the
Earth. It will be orbited with a Thor-Delta
vehicle. The lavgest satellite is called OGO
(Orbiting Geophyaieal Observatory) and will

weight almoest 1o pounds,  The Atlas-Agena

launch vehicle will be used to put it into an orbit
reaching 40,000 miles or more from Earth.
OGO will carry many different experiments,
and it is intended to be the mainstay of our geo-
physical satellite program for a number of
years.

THE “NEW LOOK” IN ASTRONOMY

Since we cannot send our space probes to
distant stars and galaxies, we must content our-
selves with studying them from the vicinity of
the Earth (fig. 6). Until the advent of the
satellite, however; it has been necessary to con-
duct. our astronomical observations through our
obscuring atmosphere. As pointed out in the
previous paper, the atmosphere filters out much
of the radiation that can help us to draw new
pictures of the heavens. These photographs of
the Milky Way illustrate the effect.of filtering
action in changing our picture.

The United States is developing orbiting as-
tronomical observatories such as those pictured
in figure 7. The smallest of the trio, Explorer
XT, has already been successfully launched. It
will map the intensity of gamma radiation over
the celestial sphere. This type of electromag-
netic radiation is generated within stars and as
a result of the interaction of cosmic rays with
interstellar miatter. Soon we will launch a
solar observatory that will point constantly at
the Sun and observe its ever-changing and
sometimes stormy behavior.  Late in 1963 we
hope to orbit the highly advanced OO (Orbit-
ing  Astronomical Obzervatory), which will
weigh several thousand pounds and require the
Atlas-Agena kwanch vehicle,  This satellite,
which constitutes a precision-stabilized plar-
form, incorporates speeialized optieal systems
for the study of the stars. Tt should mean a
giant =tep forward in astronomy.

Q
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WE EXPLORE THE MOON

We can do more than look at our near neigh-
bors in the solar system. We can first send in-
struments, and then man himself, and the Moon
will be our first target (fig. 8).

A primary objective of lunar exploration is to
pave the way for manned landings. This will
involve a search for likely landing sites and a
detailed survey of these sites for such hazards
as rocks and boulders, cracks and fissures, steep
slopes, and soft spots such as holes filled with
dust. From a scientific point of view, we want
to know much more about the Moon than the
location of landing sites. We want to measure

g 8 T i ety e s o

bl '<\-;:|t—\. agd H.l‘,.r;
B Y
\
T -
A ‘1’--‘/‘“'\\} Gt
Y _\ ' L
FIGURE 1

the chentical and mineralogical composition of
its surface and subsurface, to determine its
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physical properties, and to deduce its interior
construction. Knowledge such as this may un-
lock the secret of the formation of not only the
Earth-Moon system, but of the entire solar sys-
tem. In addition, it is conceivable that primor-
dial life forins may lie preserved in the lunar
dust that has been collected or generated over
the estimated four billion years of the Moon's
existence. :

To accomplish these objectives requires a new
family of spacecraft, which is illustrated in fig-
ure 9. The Ranger spacecraft is designed
to land an instrumented capsule on the lunar
surface and to view the surface with television
and with a gamma-ray spectrometer during the
descent phase of the flight. The spectrometer
will provide clues to the nature of the lunar
formation. The television will take photo-
graphs with up to 300 times the resolution of

16

our best telescopic photography from Earth.
Only the seismometer capsule will be slowed
for the lunar landing. It should remain active
for one to three months, listening for tremors
that would provide data on the Junar seismic
activity and clues as to the lunar construction.
The Atlas-Agena launch vehicle is to be used
for this project.

Project Surveyor, our first spacecraft capable
of a true lunar soft landing, will constitute
a tremendous advance in lunar exploration.
This project should provide much of the in-
formation about the lunar surface and environ-
ment that is required to proceed with the de-
velopment of more advanced unmanned and
manned  landing  spacecraft. In  addition,
much of the guidance, comtrol, communications,
power, and landing technology required for
these later missions will be developed in the
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course of the Surveyor project. Modification
of the Surveyor may give us a capability of
photographic mapping from orbit. Launched
with the Centaur vehicle and weighing ap-
proximately 2500 pounds at injection, the Sur-
veyor will land about 750 pounds on the lunar
surface. Of this, some 250 pounds will be sci-
entific instrumentation. As now planned,
several television cameras with variable mag-
nification will examine the surrounding =ur-
face features in great detail. .\ variety of
spectrometers will analyze the composition of
surface and subsurface samples collected with
the aid of drills. Physical properties of the
samples will also be determined, and the samples
will be examined for the presence of organic
molecules.

The extremely tenuous lnar atmo=phere will
be amalyzed, and the radiations that <hower

R

the lunar surface will be measured with a va-
riety of detection devices. Some of the proper-
ties of the Moon as a planetary body will be de-
termined from seismometer and gravimeter
measurements.

Bevond Project Surveyor, we will probably
move directly to an automated spaceeraft ca-
pable of providing direct support to manned
operations on the Moon. Project Prospector
will be capable of landing thousands of pounds
of useful payload at a predetermined Jocation
on the lunar surface.

The Prospector landing spacecraft or
“truck™ will be versatile enough to land many
types of eargo. Before the landing of man
we will be able to establish a small depot of
supplies and equipment. pos<ibly including a
“jeep” for surface transportation and =mall
rockets to return selected surface samples to

17
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Earth. An instrumented version of this mo-

bile vehicle could provide a detailed site survey -

prior to manned landing, as suggested in the
figure. We could -also provide man with a
small radiation shelter to protect him from
solar storms. During manned operations, the
Prospector could land emergency supplies and
equipment.  In these and other ways the un-
manned lunar program constitutes a portion
of the logical progression toward manned

concerns the presence or absence of life. To
answer these questions it will be necessary to
send instrumented spacecraft to these planets.
Some day, man will follow,

Opportunities to launch spacecraft to Venus
and Mars occur every 18 and 24 months, respec-
tively. s yet there have been no successful
planetary missions, but in 1962 we will attempt,
in Project Mariner, to fly a spacecraft past
Venus. Since the Soviet Union has already
made several such

WE EXPLORE VENUS AND MARS

Our first planetary missions will be directed
toward our near neighbors, Venus and Mars.
Figure 10 highlights some of the mysteries

WE EXPLORE VENUS AlD MARS
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of these planets. Astronomers have been able
to see a number of interesting markings on
Mars. These include the polar caps, dark
markings termed “maria.” bright areas ealled
“deserts,” linear markings known as “canals,”
and circular dark markings called “oaxes.”™ In
addition, various color clouds and a blue haze
in the atmosphere have been observed. Venus
is more shy than Mars. Although she peeks
out from behind her shadow as she passes close
to the Earth, she remains cloaked in a heavy
blanket of clouds. We never see much more
than is shown in the picture. Although we
study these planets from Farth with many
types of instrunients, we can answer only a few
questions about their atmosphere, surface, in-
terior, temperature, and motion.  The most in-
triguing of all speculations about the planets
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that they will try again. Our future plane-

tary spacecraft are shown in figure 11. The
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Mariner spacecraft will be launched with a
Centaur rocket. Tt will carry a comprehiensive
array of radiation and field measuring instru-
ments to provide data on interplanetary phe-
nomena en route. .\t Venus, however, the

.prime experiments will be a radiometer to scan

the planet for temperature distribution, an
ultraviolet spectrometer to examine the atmos-
pherie constituents, and a magnetometer to
measure possible planetary magnetie fields. In
addition, the radiation detectors may provide
important information about the planet if the
spacecraft passes close enough to detect trapped
particles,

The 1964 versions of the Mariner may be
eapable of injecting a small capsule into the
planetary atmospheres of Mars and Venus as
the spacecraft flies by, However, the Satwrn-
Lumched Voyager i< required for move than a
cursory observation of these planets.  An art-
ist= conception of the Voyager spacecraft is

attempts, we must assume - - -
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shown in figure 11. This spacecraft, weighing
about 2400 pounds, would be designed to orbit
the target planet and to inject an instrumented
capsule capable of surviving atmospheric entry
and descent to the ground. Thus, the orbiting
spacecraft would observe the planet and its
atmosphere from wn altitude of several hundred
miles, while the landing ecapsule would make
detailed measurements during its descent and
—eree-ON-the ground.
ing TV pictures, would probably be relayed
to Earth via the mother spacecraft.  Numerous
scientific and technological developments are
required to accomplish this diflicult but fasci-
nating and distinetly realistic mission, which
may well include, among its rewards, the dis-
covery of extraterrestrial life.
WE EXPLORE INTERPLANETARY SPACE
The so-called “void”™ of interplanetary space
is filled with many types of radiations and with

magnetic fields that generate interesting and
important phenomena (fig. 12). Scientists are
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FIGURE 12
beginning to draw qualitative analogies be-
tween the material in interplanetary =pace and
the Earths atmosphere. Both are restless,
ever-shifting and changing. and subject to
storms of various types that ean be dangerous
and that must be better understood.

Some of the important findings of inter-
planetary probes to date are illustrated in fig-
ure 12, During times of relative solar quiet,
a weak nguetic field of solar or galuactic origin
has been mensured in the region of interplane-
tary space between the orbits of Venus and

ST

Data from the capsule, includ-—netie fields have been olvoc.

Earth. Low-energy solar plasma is also be-
lieved to have been detected. During solar
storms, the situation changes radically. A
magnetic shock wave has been found to pre-
cede a flood of high-energy pla=ma ejected from
the Sun.  Solar cosmic rays have alzo been ob-
served during such periods. These radiations
are sufliciently intense to endanger the life of
an unprotected space travelor. Ntrong mag-

lowing storms of this type 1. - is «ften a no-
ticeable decrease in the inic.. ity of galactic
cosmic rays striking the Earth.  Measurements
from Pioneer V have shown this phenomenon
also to occur millions of miles from the Earth.
Thus, it has been suggested that the magnetic
fields sweep many cosmic rays from the solar
system.

The most successful interplanetary probes
are shown in figure 13, The Soviet Mechta, the
first, relayed data to the Earth from over
200,000 miles. Pioneer V, the dramatic U.S.
“paddlewheel™ spacecraft, remained in contact
with the Earth for over 22 million miles. The
most recent of the trio, Explorer X, was de-
signed to make critical magnetic-field and
plasma measurements that will answer certain
questions posed by the earlier flights.

The flight of Pioneer V isillustrated in figure
14. On March 11, 1960, Pionecr V -was
launched in a direction opposite to that of the
Earth’s travel about the Sun. This was the
first spacecraft to be launched on a trajectory
carrying it inward toward the Sun. Communi-
cations were maintained with Pioneer V until
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June 26, 1960, at which time it was 22145 million
miles from the Earth. At this point the space-
craft had travelled one-fourth of the distance
around the Sun and had moved about eight mi!-
lioit miles cloxer to the Sun. Failure of ¢
power supply caused a somewhat premature
end to conununications, but not before highly
useful scientific results were obtained. The
March 31 solar flare was the cause of some of
the most interesting phenomena observed dur-
ing this historic flight,

WHO ARE THE SCIENTISTS?

The NASA is attempting to marshal the best
scientific effort in this country to conduet the
complex experiments just described. In addi-

tion, foreign scientists are being invited to par-
ticipate in a number of areas. Over 100 scien-
tists from 35 universities are engaged in work
on the many experiments in our space-flight
program. This number is increasing steadily.
Other experiments are conducted by scientists
working in various Government laboratories.
 NEW CHALLENGES FOR INDUSTRY

The great majority of NASNA funds are spent '

with U.S. industry. The successful exploration
of space rests heavily on this group. Many dif-
ficult technological problems must be solved.
New standards of quality and reliability must
be achieved. New approaches to low-volume
manufacture of complex equipment are re-
quired. Fortunately, years of experience with
the most modern of aircraft and missiles have
set the stage for this new era.

CONCLUDING REMARKS

The goals deseribed in this program of space
exploration are diflicult to attain. We know
beforehand that sucees<s will not be achieved
without our encountering failures along the
way. However, by applying the =kills and in-
tellect. of the nation in thic ot $fieule of
technological areas, we can be contident not
only of succeeding in space exploration, but of
sharing the many unforeseen henefits that al-

- ways acerue from such national endeavors.
What is more, we can each enjoy the experience.
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NASA SPACE FLIGHT PROGRAMS

3. WEATHER AND COMMUNICATION SATELLITES .

by DeMarquis D. Wyarr*

A new dimension was added to the world’s
meteorological forecasting techniques when, on
April 1, 1960, the TIROS I satellite was
launched by the United States. For 1302
orbits around the Earth in a period of 78 days,
the spacecraft transmitted a stream of pictures
of the covering clonds—pictures tuken from
above the clouds and embracing areas up to
500,000 square miles each.  In all, almost. 23,000
pictures were taken by TIROS I, and about
60 percent of these were of meteorological
value.

On November 23, 1960, TIROS II was
Inunched into orbit. It is still transmitting
useful data, not only in the form of cloud
photographs, but also infrared measurements
of the Earth’s radiation balance.

f

LR RN
i
St b .

BEXRR)

e IRCREN
Yevari SUENY e
[ARSHERRTIN [ ACEAS
it

NI BT B -
(AR

Fiourre 1
Figure 1 shows the hat-box shaped TIROS
satellites.  About 19 inches high and 42 inches
across, the two were nearly identical.  Both
were launehed into nearly eiveular orbits a little

*Director of Programx, Natfonal Neronautles and Space
Administration.

more than 400 miles above the Farth.  TIROS
I weighed 270 pounds. It contained two tele-
vision-type cameras, picture-storage tapes and
readout equipment, and the electronic equip-
ment necessary to transmit pictures on com-
mand to ground receiving stations at Fort

Monmouth, New Jersey, and Kaena Point,

Hawaii.

One camera had a wide-angle lens and took
a picture about 700 miles on. a side. The
other, a narrow-angle camera, gave greater res-
olution: but the pictures only covered an area
of about 70 by 70 miles. The pictures were
not continuous, as we generally conceive of TV,
but were essentially snapshots. On ground
command. or by a preset timer, the camera
shutters would expose the vidicon tube momen-
tarily. The resultant picture was stored on the
tube face and then read off by a scanner. This
scanning signal could be transmitted directly
to Earth or stored on a tape for readout upon
passage over a receiving ground station, as re-
quired. The picture resolution, ov detail, was
limited by the number of lines on the scanning
circuit. The pictures from the narrow-angle
camera would permit identification of objects
larger than 700 feet across.. The wide-angle
pictures could not differentiate objects smaller
than about 1.4 miles.

In addition to the cameras and associated
electronics. TIROS II has infrared radiation
equipment to measure the atmospherie heat
budget, or radiation balance, and a magmetic
orientation coil to provide a measure of control
of the direction in which the satellite points,

With the receipt of the very first pictures
from TIROS T on the first orbit, it became
apparent that the satellite system was photo-
graphing londs, elond formations, and pat-
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terns. Meteorological research teams at the
U.S. Weather Bureau, the A\ir Force Cam-
bridge Research Center, the Naval Weather
Research Facility, and other institutions imme-
diately attacked the problem of interpreting
the TIROS pictures in terms of weather con-
tent. Their findings confirmed previous sug-
gestions based on limited photographs from
high-altitude rockets that Mother Nature was
drawing her own weather map by means of
clouds.

Figure 2 shows six storm pictures taken in

the Southern Hemisphere. In the upper left
is 2 typhoon just to the north of New Zealand.
Pictures 2 and 3 show later stages of the same
system in the Indian Ocean off Madagasear.
The lower three pictures are typical of other
storms that move endlessly eastward in the

22

data-sparse roaring 40°s belt to the north of
the Antarctic continent.

By matehing together overlapping photo-
graphs such as these, it is possible to construct
mosaics covefing very large areas of the
Earth's surfyce. The top of fignre 3 shows a
photo-mos=aic extending almost 5000 miles from
the mid-Pacifie to the central United States.
Below, there cloud pictures are translated to
map coordinates and are superimposed on a
conventional meteorological  analysis.  The
cloud photographs at once confirm and am-
plify the ground-determined weather analysis.

Having determined that TIROS could he
wed to provide unique and detailed data about
weiather processes, it next became important to
determine  whether forecasting  information
could be extracted with <uflicient speed to meet
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FIGCRE 3

needs.  After all, there is nothing less valuable '
than today's forecast of yesterday’s storm.
Meteorological teams at the data-acquisition
stations analyzed the incoming data on the spot.
Within 60 hours after TIROS I was Jaunched,
pictures less than 6 hours old were being inter-
preted and the resultant analyses forwarded via
facsimile transmission to the National Meteoro-
logical Center of the U.S. Weather Bureau at
Suitland, Maryland. Figure 4 is a copy of
one of those transmissions. It covers part of
the cloud region on the previous chart. (Neph-
analysis is a meteorologist’s way of saying
“cloud analysis.”) The region covered extends
from the tip of the Aleutian Islands to hundreds
of miles inland on the U.S.-Canadian border.
Transmissions such as these are being incorpo-
rated into vegular analyses of the U.S, Weather

Bureau. Copies are also relayed to our air and
naval services here and oversens.
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“The infrared data from TIROS IT are more
fundamental in charucter and cannot yet be
utilized in routine analyses. The data must be
reduced and plotted on maps by a rather labori-
ous process bLefore they can be interpreted.
Figure 5 shows the type of measurements taken
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by TIROS II. They include:

(1) The temperature at the top of the
water-vapor layer

(2) Surface temperatures or cloud-top
temperatures

(3) The amount of reflected radiution

(4) The amount of emitted radiation

(5) Low-resolution cloud pictures.

A typieal IR “map” is shown in figure 6. It
covers the southwest Pacific region from south-
ern Australia and Tasmania past New Zealand.
The numbers show temperatures on the absolute
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Centigrade scale. Comparisons with. other
meteorological data have indicated that the
areas of low temperatures are related to frontal-
cloud bands, and the high temperatures with
clear areas.

Our results from the TIROS satellites have
indeed been impressive. The response from the
using weather agencies has been so favorable
that every effort will be exerted to keep at least

‘one working TIROS aloft st all times in the

near future. TIROS has several distinet limi-
tations, however, that have led NASA and the
weather agencies of the United States to pro-
ceed with the earliest possible development of a
more advanced meteorological satellite.

Figure 7 illustrates the principal TIROS lim-
itations on the left. It is a spin-stabilized

O RIRIG AN TL T SR EMEN

RIRCAN [N E A XY

EUFA]

FARLH

LXK

Wels®

FIGURE 7

spacecraft that is space-oriented; that is, it
tends to point at a fixed point in space as it
orbits the Earth. As a consequence, the cam-
eras only point at the Earth for useful photog-
raphy during about 23 percent of the orbit.
Both TIROS 1 and 11 were launched on in-
clined orbits, so that the coverage of the Earth’s
surface was limited to the area between 50° X
and 50° S latitude.

Both of these limitations should be overcome
when the NIMBUS family of meteorologicul
satellites is launched, starting in 1962, These
will be launched into polar orbits so that all
areas of the Earth will be viewed twice a day,
once about local noon and once about locul
midnight.  NIMBUS will have an orbital pe-
riod of about 108 minutes, A stabilization sys-
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tem is being incorporated that will cause the
spacecraft to pitch end-over-end at the same
rate, once every 108 minutes, so that the camera
end will always point at the Earth. This
creates what is known as an Earth-stabilized
spacecraft.

A better view of what NIMBUS will lock
like is shown in figure 8. The solar platforms,
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or paddles, will be covered with solar cells to
provide on-board power. These paddles will
be controlled so that they always face the Sun
as the spacecraft itself topples end-over-end.

Thus, the solar platforms will rotate relative.

to the main spacecraft body at about one rev-
olution every 2 hours.

The section to which the solar paddles are
affixed will contain the controls for keeping
the spacecraft axis, and hence the cameras, al-
ways facing the Earth. At the bottom of the
connecting struts is a section that will contain
the sensory devices and the spacecraft readout
and data-transmission electronics. In the first
two NIMBUS satellites, the sensors will inclnde
three wide-angle TV cameras that will have
overlapping fields of view. These will provide
a cloud resolution between the present limits
of the wide- and narrow-angle cameras of
TIROS. Inaddition, these spacecraft will con-
tain high- and low-resolution inf rared scanners
for making night-time cloud-cover measure-
ments, and an experiment to measure the value
of the solar constant, or rate of radiant heat
coming from the Sun,

602955 0—61——3

This instrument section is being designed on
a modular, or standardized compartment, basis
so that, in later NIMBUS spacecraft, the early
sensors can be replaced with improved or new
types of equipment without having to redesign
the whole satellite. Advanced versions of
NIMBUS are expected to carry such additional
devices as electrostatic-tape cameras for im-
proved cloud photography, a radar set to pro-
vide data on areas of precipitation, an instru-
1t to provide data on. the temperature
< iucture of the atmosphere, and an instrument
to identify thunderstorm areas.

NIMBUS launchings will occur at about 6-
month intervals during the period of develop-
ment of the system. All of the four to six space-
craft in this research and development phase
can and will be used to provide data for inter-
national aperational purposes. These data will
be read out during satellite passes over or near
a ground station at Fairbanks, Alaska, and will
be transmitted in real time (meaning instan-
taneously) to the National Meteorological
Center. There they will be analyzed and the
results distributed to civilian and military
weather stations. '

These research and development NIMBUS
flights will be augmented by other NIMBUS
launchings directed by the Weather Bureau to
ensure a steady flow of weather data. During
the period of spacecraft development, a simul-
taneous development of ground data-handling
and analysis methods will be under way. When
these development efforts are completed, the
United States will have an operational satellite
weather system.

Our thinking in weather satellites has not
stopped at the NIMBUS system. While the
entire Farth will fall under its vision, any given
region will only be observed at intervals of
several hours. The meteorologist is interested
in the capability of continuous observation of
developing storms. Figure 9 shows an AEROS
catellite that may, in the future, provide this
capability.  This would be launched into an
altitude where its period of orbit around the
Earth would cor respond to the rotational pe-
riod of the Ear h—-=24 hours. Thus, the satel-
lites would appesr to remain stationary and be
overhead at all times. This orbit would occur
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over the equator, so that the field of view wonld
not include the extreme latitudes near the poles.

Such a satellite ix conceived as carrying a
variable-focus camera system so that, on com-
mand, the field of view could be changed from
a broad-scale picture of the Earth to a view of
a localized spot determined to be of meteoro-
logical interest. We expect to initinte davelap-
ment of such a camera during the coming fizeal
year.

At this time, the prospects for improvement
of our weather forecasting throuzsh the we of
meteorological satellites appear bright. The
advantages to be accrued from such » system
will not be limited to the United States, for
weather is an international problem. Argen-
tina, Australia, Belgium, Czechoslavakia, Den-
mark, Ttaly, Japan, The Netherlands, Switzer-
land, and West Germany have been participat-
ing in the TIROS II program by making special
ground measurements to correlate with the sat-
ellite observations as it passes over their coun-
tries. More countries will be invited and are
expected to join in the later programs. Here
is one product of the Space Age that may serve
to bring the international community into
closer cooperation and harmony.

Another space development that should be
equally important in unifying the peoples of
the Earth is the satellite communieation system.
Within the past 50 years our Earthbound
methods of long-distance communication using
telephone and telegraph wires and cables have
been extended via radio so that almost any
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point on the Earth can be reached. The radio
systems that we use, however, are not entirely
suitable for the rapidly developing world civili-
zation. The fact that really long-distance
radio transmission must depend on reflection of
the signals from the ionospheric layers around
the Earth has made it necessary for us to re-
strict our intercontinental communication Syse
tems to very narrow regions in the radio spec-

trum.. In..general, this. has resulted .in- a -

relatively low system capacity: We cannot
transmit many messages at one time and we
cannot transmit such information as television,
which requires a very wide band in the spee-
trum. In addition to this capacity limitation,
the reliability of overseas transmission is less
than optimum' because of the variable nature
of our reflector, the ionosphere. The layers
shift or even disappear as & function of solar
activity, so that we are subject to undesirable
radio blackouts that disrupt communications.

It now appears fessible and practicable to
consider world-wide communications using
Earth satellites to artificially reflect or retrans-
mit very high-frequency radio signals. This
should give us the eapacity for transoceanic tele-
vision or many simultaneous telephone and tele-
graph messages, and at the same time allow us to
operate without transient garbling or interrup-
tion due to ionospheric disturbances.

For the past 2 years NASA has been aggres-
sively developing the technology required for
several different kinds of satellite communica-
tion systems. Last August 12, the Echo sphere
was launched. The following motion picture
will review some of the steps leading up to that
launching.

Film Narrative

“Early in the program, the Langley Re-
search Center was given the satellite develop-
ment responsibility.

“Many industrial concerns contributed.
The General Mills Corporation developed
cutting processes for the DuPont Mylar from
which the satellite is fabricated, and the J. T.
Schjeldahl Corporation developed a process
for joining the pieces together.

“Every inch of the structure had to be in-
spected. For this purpese, the 100-foot-di-
ameter sphere was inflated in a huge hangar.
For launching, this huge sphere had to be

e T,
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folded into a 26-inch-diameter container. .\
sublimating powder was placed inside the
satellite prior to folding. Tt is this material
that would evaporate in space and inflate the
100-foot sphere. )

“The satellite package design and ejection
and inflation techniques were tested in 60-foot
vacuum chambers at Langley Research Cen-
ter, but the final test had to be in the space
environment itself. Thesatellite package was

tested in vertical test flights from Wallops -

" Island.

“Following the first completely successful
vertical test flight on April 1, 1967, a beacon
transmitter was added to the satellite to assist
in tracking. The beacon was developed by
RCA and consisted of a transmitter less than
1 inch square powered by tiny batteries and
solar cells,

“Concurrently with the satellite develop-
ment, & new powerful transmitter was being
developed at N AS.\Us Jet Propulsion Labora-
tory and at Bell Telephone Laboratory.
Holmdel, New Jersey, and a new type of re-
ceiving system got under way. The new horn
type of antenna contributed very little noise
to the systems, making possible the reception
of very weak signals with newly developed
maser amplifiers.

“These equipments, when completed, were
checked out and exercised using the Moon as
a reflector of radio signals. New methods of
antenna pointing and prediction of antenna
pointing instructions had to be generated for
the Echo experiment.

“The booster vehicle which was to launch
Echo was the newly developed Delta three-
stage rocket. The first attempt occurred on
May 13, 1960, and a loss of attitude control
in the second stage caused failure of the mis-
sion. On August 12, 1960, the second flight
of the Delta was completely successful,”
Figure 10 shows some of the significant com-

munications accomplishments using the Echo
satellite. On the first orbit, within 2 hours of
launching, a previously recorded message by
President Eisenhower was transmitted from
Goldstone, California. to Holmdel, New Jersey.
using the facilities you saw in the film. This
was particularly sigmificant because at that time
a solar disturbance had blacked out conven-

EGH ONANTECTM BINPSTIN FNSIS
e ane By Avilien 1l Sadiine:

Yolco message: Twe waoy velce
treasaission
Trous-Atlsatic recoption: Holmdol to Paris,
Avgust 18, 1960
Trens-Atlentk volce acd musk recoption:
Holmdel to Jodrell Bank, ©
Asgest 22, 1960
focsimfle transmission: Cedar Ruplds te -
- o= Dalles, Aegust 19,1960
Spoed mall transmission: Stump Neck to
Holmdel, November 10, 1960

Fietre 10

_tional high-frequency long-distance radio cotn-

munications.

In rapid succession, many Echo “firsts™ were
recorded. .\ two-way telephone conversation
was held from JPL to the Bell Telephone
Laboratory, and a signal was relayed to a sta-
tion near Paris, France. On August 22, voice
and music were successfully transmitted from
Holindel, New Jersey, to Jodrell Bank, Eng-
land. On August 19, independent experiment-
ers, The Collins Radio Company at Cedar
Rapids, Iowa, and their afliliate, the Alpha
Corporation at Richardson, Texas, transmitted
the first facsimile picture via Echo. On No-
vember 10, NAS\ performed an experiment
with the Post Ofiice Department on the possi-
ble uses of satellies for Speed Mail.

Figure 11 shows a photograph after facsimile
transmission via the satellite. This picture
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Ficure 12

was taken at Holmdel, New Jercey, with the
BTL ham antenna in the background.

Figure 12 shows the letter’s
Mail demonstration.

ent in the Speed-

The principal results from Echo, which is
still visible, are shown in figure 13:

(1) We found that a passive communication
system is feasible.

(2) The radio propogations theories were
coifirmed. This means we can predict com-
munications performance at other altitudes and
other frequeneies than those used for Echo.

(3) We can reasonably predict the orbital
behavior of the inflated spheres. Echo was
initially Taunched to a nearly circular altitude
with a perigee of 950 miles. The radiation

pressure from the Sun pushed the sphere rela-
tive to the Earth so that a minimum altitude

28
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of about 600 miles was reached the first of this

year. \sa result of the Earth’s notion around

RESUDLSHO IEGHCON

® Feasibility of Passive Systems Demonstrated
o (Confirmed Radio Propagation Theory

® (onfirmed Orbital Behavior Theory

® Proved wsefulness of Largs, Erectable,
Long-lived Space Structures
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the Sun, the sphere is now being pushed back
away from the Earth. This motion has proved
to be predictable.

(4) Since Echo did not collapse after the
loss of its pressurizing material. the thin,
0.0005-inch-thick plastie-film structure has pro-
vided us with the confidence that large, evectable
structures can be made to retain their shapes
for long periods of time.

As a follow-on to Echo, we are proceeding
_.with the development shown in tignre 14.

B L E 1 FIN LN
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approximately "*\;\ ! / ot
600 pounds " \V . :
. . At
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ELTUTT L 1700 miles C e

CC3T 070t L laminete of
.00025 fach Aluminsm
.0003 inch Myler
.00025 inck Jlaminom
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new sphere will be made of a laminate of two
layers of aluminum foil 14-thousandth of an
inch thick on either side of a 14-thonsandth-
inch-thick-sheet of Mylar plastic. It is caleu-
Jated that this structure will be about 20 times
more resistant to buckling than the Echo sphere,
which was made of V4-thousandth Mylar with
a vapor-deposited aluminum inner and outer
coat. The new sphere will be 140 feet in diam-
eter, where Eclio was 100 feet. Because of its
higher flight altitude (1700 miles as compared
with 1000 for Echo) the new sphere should
have about the same brightness for the observer
from the ground.

If a satellite communication system is to offer
full-time capabilities, it will be necessary to
have a number in orbit sumultaneously so that
one will always be visible. Part of the new
reflecting-sphere project, to be known as Project
Rebound, will involve the ejection of three
spheres from a single hamching vebicle at a
preseribed spacing, These tests will be precedad
by a launching of only one of the new =pheres

Ahis

so that we can verify its predicted separation
and inflation charaeteristios and determine its
useful life in the orbital environment,

In terms of overall communications systems,
passive reflecting spheres of the Echo type have
certain disndvantages that ¢can be overcome by
other types of satellites, The principal disad-
vantage is the very large ground-transmitter
power required. since the sphere simply reflects
the signal and adds no boost to it. This de-

_ticieney can be overcome by making the satellite
“a much smaller active electronic package such

as that shown in figure 15,

This active repeater satellite is a combined
receiving and transmitting station powered by
the Sun throngh solav-cell conversion of the
Sun’s energy to electrical energy. The signal
received from the Earth is instantaneously re-

_broadcast after a power boost from the trans-

mitter, This makes the satellite a relay station:

“and we are, in fact, ealling our first active com-

munication satellites Project Relay. These are
to be built by the Radio Corporation of
America, who were recently selected after a
design competition.

In addition to providing demonstrations of

intercontinental  communications, including
. .
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trans-Atlantie television, Project Relay will he
used toexplore the many technological problems
of active electronie systems that must operate
for long periods of time in the great radiation
belts avound the Earth shown in figure 16.
We know from our scientific space tlights
that the radiation in these belts ean affect the
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life of solid-state electronic components such as
solar cells, transistors, and diodes. In our Proj-
ect Relay satellites, we shall therefore measure
the life history of the communication-system
components, not only by observing overall per-
formance but by measuring the individual char-
acteristics of a number of the critical compo-
nents. We shall also incorporate several
different solar-cell arrays with different
shieldings, and we will measure the com-
parative long-time performance of each.

In order that we can acquire the kind of
data that will let the communications industry
make early, meaningful design decisions in later

30
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satellities, we will make continuous measure-
ments of the amount and kind of radiation en-
countered by the Relay satellites. Thus, these
satellites will measure both the cause and effect.
An active satellite communication system
meeting the necessary standards of reliability
and durability (or long life) that we have come
to e.ipect as a matter of course from our com-
munications industry must await the kind of _
researchr-and development results that we will
obtain from Project Relay. Nonetheless, the
potential to the world of suc¢h a system is so
great that NASA is going to undertake, in

“concert with the communications industry, the

early implementation of an interim or transi-
tional system until the state of the art is suf-
ficiently developed for full commercial systems,
Funds for this transitional system have been
requested from the Congress by President Ken-
nedy. We will expend these funds in support
of broad industry efforts that will bring the
maximum skill and ingenuity of the United
States to the early solution of the problem.
In the Aeronautical and Space Act of 1958,
which created NASN\, the Congress declared
it the intention of the United States to seek the
peaceful utilization of space. The projects I
have discussed in meteorology and communica-
tions are an important part of the national
program to achieve that goal for all mankind.
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NASA SPACE FLIGHT PROGRAMS
4. MANNED SPACE FLIGHT -

by Grokce M. Low®*

iNTRODUCTION manned orbital flight, is achieved. Unmanned

It is my purpo=e to discuss NASA's program
for manned space flight—a program that will
allow man to participate directly in the ex-
ploration of space.

The first step in this program is Project
Mercury. This Project, as you know, is
designed to put a manned satellite into an orbit
more than 100 miles above the Earth’s surface,
let it circle the Earth three times, and then
bring it back safely.

From Project Mercury we expect to learn
much about how man will react to space flight,
what his capabilities may be, and what should
be provided in future manned spacecraft to
allow man to function usefully. Such knowl-
edge is vital before man can participate in
other, more difficult, space missions. But the
determination of man’s capabilities is only one
of the objectives of Project Mercury. Of equal
importance is the technical knowledge that is
being gained during the desigm, construction,
and operation of our first vehicle specifically
engineered for manned space flight.

The first major milestone in Project Mercury
was successfully accomplished earlier this
month. On May 5,1961, Alan Shepard made a
suborbital manned space flight in a Mercury
spacecraft launclied by a Redstone booster. In
this flight he.reached a velocity of 5100 miles an
hour. an altitude of over 100 miles, and
travelled to a distance of 300 miles from Cape
Canaveral. Later on in my presentation I will
give a more detailed description of Shepard’s
flight, and will present some of the important
results of this flight.

Much work remains to be done, however,
before the final objective of Project Mereury,

*Chief. Manned Space Flight, Natlenal Acronauties and
Space Administration

orbital flights using the Atlas launch vehicle
are scheduled for this snmmer. If all goes
well, the first manned orbital flight will be
made before the end of 1961.

But project Mercury is only a beginning, a
first step in our long-range program for manned
exploration of space. The next step in this
program has been desigmated Project Apollo.

PROJECT APOLLO

Project Apollo will lead ultimately to a
manned landing on the Moon. Such a venture
will require technological advancements far in
excess of those needed for Project Mercury:
It will require the development of an advanced
manned spacecraft that can withstand the high
loads of the launching, that can be gnided and
steered toward the Moon, that can land gently
on the Moon, and then be launched from the
Moon and guided back toward the safe reentry
and recovery on Earth. It will require the
development of a launch vehicle that is 30 to 50
times as powerful as the Atlas booster, and of
propulsion systems for the lmar landing and
takeofl. And, above all, it wiil require a highly
competent. team of engineers and scientists who
can carry out such a complex project.

THREE APOLLO MISSIONS

Because a manned lunar landing will repre-
seut a major advancement in the state of the
art, the Apollo project will involve several in-
termediate steps, as shown in figure 1. The
Apollo spacecraft will first be flown in Earth
orbit, where the many spacecraft components
and systems will be tested and evaluated in a
space environment. The Earth-orbital flights
will also be used for space-crew training and
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FIGURE 1

for the development of operational techniques.
In conjunction with these qualification flights,
the spacecraft can be used, in Earth orbit, as a
laboratory . for scientific - measurements or
technological developments in space.
Following the Earth-orbital flights, the craft
will be flown to greater and greater distances
from the Earth. Another major step in the
program, therefore, will be manmned circum-
lunar flight,  In circumlunar flight the crew
will perform many of the guidance and countrol
tasks thar will later on be needed in the lunar-
landin: mission. The events encountered dur-
ing et to Earth, during the high-speed re-
entry, and during the Earth-landing phase will
also e duplicated in the manned cireumlunar

flights.

These preliminary flights in Earth orbit, and
around the Moon, will logically lead to the final
Apollo objective—manned landing on the Moon.

APOLLO CONFIGURATIONS

Our designs for the Apollo spacecraft have
not yet progressed to the point where I can tell
you exactly what this eraft will look like. But
it is possible to describe the craft in general
terms. In figure 2 are sketched possible Apollo
Carth-orbital, circum-
lunar, and lunar-landing missions.  Tn all cases,
the spacecraft will be rather compact, to mini-
mize its weight and to facilitate the reentry
into the Earth's atmosphere.

In order to achieve the multiplicity of Apollo
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missions, the so-called “modular concept™ will
be employed in the design of the spacecrafr.
In this concept, various building blocks, or
modules, of the vehicle systems are used for
different. phases of the mission. The first of
these components. which we have called the
“command-center module,” will house the crew
during the launch and reentry phases of the
flight; it will also serve as a flight-contro!
center for the remainder of the mission. It will
be sufliciently large for a three-man crew.

The second module is a propulsion unit. In
Earth-orbital flights this unit will serve to re-

turn the crafr to Earth under both normal and-

emergency conditions. It will also be used for
maneuvering in orbit and for orbital vendez-
vous with other satellites. For cireumlunar
fligghts, this same propulsion module will be de-
signed =o that it can return the spacecraft to
Earth safely from any point along the lunar
trajectory. For circumlunar flights, also, it
will provide midcourse and terminal guidance
corrections: and it can place the spacecraft into
a satellite orbit around the Moon and eject it
from that orbit and return it toward Earth.
For the lTunar-landing mission, the same pro-
pulsion unit will be the takeofl stage from the
Moon in order to return the spacecraft toward
Earth.

The third module shown on the lnar-landing
vehicle is a propulion stage that will decelerate
the spacecraft as it approaches the Moon, and
will gently lower it to the Moon's surface.

e e e ety e e e S -- - —




For the Earth-orbital mission, an additional
module can be provided to serve the function
of an Earth-orbiting labhoratory,

Of all of the modules mentioned, only the
command-center unit will be designed with the
capability of reentering the Farth's atmosphere
and being recovered on the surface of the Ea rth.

The Apollo spacecraft is therefore seen to be
a versatile one; it will involve the development
of 1 number of components, but maximum use
will be made of these components for the three
Apollo missions.

LAUNCIH-VEHICLE REQUIREMENTS

As the Apollo missions progress in difficulty
from Earth-orbiting to circumlunar to lunar
landing, larger and larger launch vehicles will
be required. The three launch vehicles that
will be used for the three Apollo missions are
shown in figure 3. The Saturn (-1 will be used

gres e

Bl et

- ey
. ‘1 [RERIE X
N [t 0
—eeeen il

Ficure 3

for Apollo Earth-orbital flights. It will have
the capability of placing the Apollo command
center, together with its propulsion and orbit-
ing laboratory units, into an orbit between 150
and 300 miles above the Earth's surface.

In order to accelerate the Apollo spacecraft
to escape velocity, which is nearly 134 times sat-
ellite velocity, a more powerful launch vehicle
than the Saturn C-1 will be needed. For the
Apollo civeumlunar flight, therefore, the Saturn
-2 will be employed. The Saturn (-2 differs
from the C-1 in that it has a large hydrogen-
oxygen-propelled second stage. It will have
the capability of sending the Apollo space-

craft and its propulsion unit to the vieinity of
the Moon. Both the Saturn C-1 and C-2 are
currently under development.  Before a mauned
lunar kinding can be made; a launeh vehicle
that is muclh more powerful than the Saturn
C=2 must be developed.  The name given to
such a vehicle is Nova. A coneeptual version of
the Nova vehicle is shown in the figure, roughly
to the samé seale as the Saturn (-1 and C-2: it
may avproach one-half the height of the Wash-
ington Monument. Nova will employ, in its
first stage, either a cluster of 115-million-pound
F-1 liquid-fuel engines, or a cluster of large
solid-propellant engines.

LUNAR-LANDING MISSION

The development of the Apollo spacecraft
and launch vehicles will require the solution of
many scientific and technological problems. In
order to identify some of the areas in which
major advancements in technology are vequired,
1 will briefly discuss an Apollo hwar-landing
mission.

Figure 4 illustrates the first phase of this
mission; that is, the launch from the surface of
the Earth. In the launch area, adequate pro-
tection will have to be provided against the
hazards of explosion and against the tremen-
dous neise that will be generated by the huge
rocket engines. We do not anticipate that it
will be possible to design and build such a large
launch vehicle that will be completely free of
possible malfunctions. Hence, the Nova will
have to be equipped with safety devices and sen-
sors that can signal the .Apollo spacecraft of an
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impending malfunction, just as the Mercury
Redstone and Atlas vehicles are equipped with
an abort sensing system. The spacecraft will,
of course, be provided with an escape system to
allow it to be ejected from the booster and car-
ried to a safe distance. Such an escape system
must function reliably at all speeds up to the
booster burnout velocity of 25,000 miles an
hour.

At least three stages of propulsion will be re-

- quired to place a-spacecraft and the lunar-land-.

ing and -takeoff stages at a sufficiently high ve-
locity. The booster guidance system will have
to send the spacecraft along a precisely deter-
mined trajectory so that only minor corrections
will be required during the course of the mis-
sion.

Once the spacecraft leaves the Earth’s atmos-
phere, it will be subjected to several types of

.radiation. It will have to fly through the Van

Allen radiation belts, which are of high inten-
sity but of sufficiently low energy to make
shielding practicable. Because the time spent
in the radiation belts will be short, only a small
amount of shielding will be required for this
type of radiation. Beyond the Van Allen belts,
the spacecraft will be subjected to cosmic radia-
tion. The energies of cosmic radiation are so
high that shielding becomes impractical. How-
ever, the peak intensity is sufficiently low so that
no danger is expected in a. lunar mission. The
most serious radiation problem results from the
particles generated by some solar flares. Some
of the major flares, called giant flares, generate
particles of such energy and . intensity as to
make shielding weights prohibitive. However,
there are indications that it may be possible to
predict these flares, or at least their absence,
several days in advance. With such predic-
tions, it would be possible to circumvent the
radiation problem by avoiding flights during
the time of anticipated major-flare activity. In
the past 10 years, only seven giant flares were
observed.

The radiation problem, more than any other,
requires a great deal of study before manned
lunar flight can be achieved. Many of the
answers now lacking will be supplied through
our scientific satellite and probe programs.
The effects of the various types of radiation on
living tissues are yet to be detennined.
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During the course of the flight toward the
Moon, the position and velocity of the space-
craft will constantly be assessed and corrections
will be made in order to bring the craft into
the proper position relative to the Moon. Al-
though sensitive guidance and control equip-
ment will be required, the spacecraft pilots will
play a large part in maneuvering their craft.

It is not yet clear whether or not artificial
gravity will be required in the Apollo space-
craft. Results from Project Mercury orbital
flights, and from our Life Sciences programs,
will settle this question.

The actual landing on the Moon is illustrated
in figure 5. Although a horizontal landing on
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the Moon is shown in this figure, vertical land-
ings are, of course, possible. It is anticipated
that the landing will be made at a site that had
previously been surveyed by an unmanned
spacecraft; such a survey is needed in order
to determine whether there are any large
obstacles in the landing area and to deter-
mine the exact characteristics of the landing
surface. - A precise knowledge of the sur-
face environment, its hardness and its com-
position, is needed before a manned landing
can be made, or before a landing gear can even
be designed. The unmanned Ranger, Surveyor,
and Prospector programs, described in Mr.
Cortright’s presentation, will provide us with
the information that is needed in this area.
Such unmanned spacecraft will also place bea-
cons on the lunar surface that will be used as
landing aids for the manned mission,
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The takeofl from the Moon is shown in figure

6. The prep.mmons for such a takeoff will re-

quire major advancements over today’s opera-
tional procedures. Al the equipment for the
takeoff must be prepared, erected, and checked
out by the three men in the spacecraft. When
we consider that each eurrent launching from
Cape Canaveral involves directly hundreds of
people on the launch pad, in the blockhouse,
and in the control centers, and indirectly in-
volves thousands more at the checkout and
tracking facilities, it becomes clear that the
lunar takeott by three men will be a difficult
task indeed.

The propulsion system usod for this lunar

takeoff must be the most reliable component of

the entire Apollo system. The time of take-
off must be precisely planned, and the guidanee
equipment must work perfectly to place the
spacecraft on the proper trajectory for its re-
turn flight to Earth. '

On the return trip to Earth, the sp.lcecmft
must again be steered along a precise trajectory
to allow it to enter within the limits of a rather
narrow entry corridor into the Earth’s atinos-
phere, shown in figure 7. The boundaries of
this corridor are determined by maximum toler-
able loads or heating on the one hand, and mini-
mum- aerodynamic loads to cause reentry in a
single pass, on the other hand. YWhen the space-
eraft returns to the Earth's atmosphere, it will
again be travelling at a speed of 25000 miles
an hour. At this speed the aerodynamic heat-
ing problem is far more severe than it is at
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satellite velocity. In addition to the convective
heating that is encountered on a reentering
satellite, an appreciable percentage of the total
heating will be caused by radiation. At these
speeds the air behind the shock wave will be-
come so hot that it will reradiate a large amount
of heat to the surface of the sp.u,mmft. Mr.
Antes discusses these problems in more detail.

Although the spacecraft will be rather com-
pact and will not have any wings, its shape will
be such that it can generate a moderute amount
of aerodynamic lift. Proper control of this
1ift will allow the spacecraft to maneuver with-
in the reentry corridor and to be guided toward
a preselected site.  The lack of wings, however,
will make it impossible to make a conventional
airplane-type landing. Instead, a landing
using parachutes or similar devices will be
made.

Of course, it has been impossible to describe
in this short presentation the real size, the real
magnitude, of the job that has to be done in
Project Apollo.  The project’s suceess depends
entirely on the resources, the energy, the deter-
mination, and the ability of the people involved.
The project will require the best scientific and
technical =kills available in our schools, our in-
dustries, and our laboratories,  President Ken-
nedy. in yesterday's message to Congress, stated,
and I quote: “No single space project will be
more exciting, or more impressive, or more im-
portaut for the long-range exploration of space:

none will be <o difficult or expensive to accom- .

plish.”

The President’s message set the stage
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for this program; it is up to all of us to catry
it forward.
PROJECT MERCURY

Let me now return to Project Meveury, and
to a discussion of our first mamed space
flight—Alan Shepard’s flight of May 5, 1961,

The purpose of this flight was to determine
man’s ability to perform useful functions in a
space environment. The flight was short—it

© Iasted only 15 minutes.  Yet, during this time
Shepard was subjected to the aceclerations of =

a rocket launching, peaking at 6 g; to 5 minutes
of weightlessness; and to reentry decelerations
of 11 g. He carried out the many tasks that
were assigned to him, and carried them out ex-
ceptionally well; he was in constant voice com-
munication with the ground, and maneuvered
the craft during weightlessness and during re-
entry. Shepard’s physiological reaction be-
fore, during. and after the flight did not differ
from his reactions during earlier ground tests.
I will now show a film of Shepard’s flight.

Film Narrative

“Shepard arrived at the launch pad at 5:00
a.m., Eastern Standard Time, on the morning
of the launching. He was brought to the
pad from the hangar facilities in a transfer
van equipped to check his pressure suit and
medical instrumentation.

“At the base of the Redstone he paused
briefly to examine the hooster, just as an air-
plane pilot checks his ship prior to takeoff.

“Shepard then rode to the top of the gantry
in an elevator.

“The countdown clock reads minus 120
minutes—2 hours until launch time, if no
holds are necessary.

“On a platform on top of the gantry, an-
other Astronaut, Gus Grissom, wishes him
well.  Shepard is assisted into the Mercury
capstule by a third Astronant, John Glenn,

“The time is shortly after 5:00 am. Once
he had entered the capsule, Shepard remained
there until the flight was completed. in spite
of the fact that several holds were required
prior to liftoff.  These holds were called as
a result of cloud cover in the Inunch arvea, and
to replace a component on the Redstone.

“The launching took place at 9:34 aum.;
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Shepard had been in the capsule for more
than 4 hours. :

“The countdown approaches zero: six, five,
four, three, two, one.—liftoff,

“Liftofl was smooth, and Mervcury Red-
stone-3 is on its way.

“In the next scene you will see a film of
Shepard taken during the flight.  You will
hear Shepard’s voice as he reported in flight :
you will also hear, less distinct, Deke Slay-

ton’s voice as he talked to Shepard from the

ground. The scene starts just moments be-

fore liftofl.

Slayton: 13, 10, 9, 8, 7, 6, 3, 4, 3, 2, 1, zero.
Liftoff.

Shepard: Roger, liftoff, and the clock is
started.

Slayton: OK—you're on your way.

Shepard: Yessir, reading you lond and clear. -

Slayton: Roger, trajectory OK.

Shepard: This is Freedom Seven, the fuel is
go. 1.2 g: cabin at 14 psi; oxygen is go.

Slayton: Trajectory looks good.

Shepard: Freedom Seven is still go.

Slayton: Roger.

Shepard: This is Seveu, fuel is go: 1.8 g: §
psi cabin: and the oxygen is go.

Slayton: Roger, trajectory OK.

Shepard: Cabin pressure is holding at 5.5.

Slayton: Roger.

Shepard: Cabin holding at 5.5.

Slayton: Understand: cabin holding at 5.5.

Shepard: Fuel is go: 2.5 g. Cabin 3.5, oxygen
is go, the main buss 24, and the isolated
battery is 29.

Slayton: Roger.

Shepard: OK. Itisa lot smoother now. A
lot smoother.

Slayton: Roger.

Shepard: Seven here. Fuel is go: 4 g: 55
cabin; oxygen. All systems go.

Slayton: All systems go. Trajectory OK.

Shepard: Cutofl. Tower jettison green.

Slayton: Reger.

Shepard: Disarm.

Slayton: Roger.

Shepard: Cap sep. is green. 's

Slayton: Roger. TPeriscope is coming out,

Shepard: Periscope is coming out and the
turnaround has started.




Slayton: Roger.

Shepard: ASCS is OK.

Slayton: Roger.

Shepard : Control movements.

Slayton: Roger.

Shepard: OK. Switching to manual pitch.

Slayton: Manual piteh,

Shepard: Piteh is OK.

Shayton: Reger.

Shepard : Switching to manual yaw.

Slayton: Tunderstand. “Manual yaw.

Shepard: Yaw is OK. Sw mhm«r to manual
roll.

Slayton: Manual roll.

Shepard: Roll is OK.

Slayton: Roll OK. Looks good here.

Shepnrd On the periscope. What a beauti-
ful view.

Slayton: I'll bet it is.

Shepard: Cloud cover over Florida, three to

four tenths near the eastern coast. Ob-
scured up to Iatteras.

Slayton: Roger.

Shepard: Can see Okeechobee. Identify
Andros Island. Identify the reefs, .

Slayton: Roger. Countdown on retro: 3, 4,
3,2, 1, retro-angle.

Shepard: Start retro sequence. Retro-atti-
tude on green.

Slayton: Roger.

Shepard: Control is smooth.

Slayton: Roger, understand, all going

smooth.
Shepard: Retro 1 very smooth.
Slayton: Roger, roger.
Shepard: Retro 2.
Slayton: Roger.
Shepard: Retro 3.
Slayton: Roger.
Shepard: Al 3 retros are fired.
Slayton: All fired on the button.
Shepard: OK. Three retros have fired.
Retro jettison is back toon.
Slayton: Roger. Do you sce the bouster?
Shepard: \cmtne. '
Slayton: I’ngm
Shepard: Switching to fly-hy-wire.
Slayton: Fly-by-wire. Understand.
Shepard: Roll is OK.
Slayton: Roger.
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Shepard: Roger. Do not havea light.

Slayton: lmlel\mml you do not have a
Tight.

\lwp.ml I do uot have a light.
straps falling away.
will use override.

Slayton: Roger.

Shepard : Override used. The light is green.

Slayton: Telemetry confirms nelmjo

Shepard: Ahb, luwol.

Roger. ~

\,hcp.ml Periscope is retracting.

Slayton: Periscope retracting.

Shepard: I'm on fly-by-wire; going to re-
entry attitude.

1 see the
1 heard a noise, 1

Slayton. Reentry attitude. Roger. Trajec-
tory is right ou the button.
Shepard: OK, Buster. Reentry attitude.

~ Switching to ASCS normal.

Slayton: Roger.

Shepard: ARCS is OK.

Slayton: Understand.

Shepard: Switching HF for radio check.

Slayton: Switching on IF.

Shepard: Ahh, Roger, reading you loud and
elear. HF, Deke,how me?

Shayton: ____..

Shepard: Reading you loud and clear. HF,
how me?

Slayton: ______

Shepard: This is Freedom Seven.

Slayton: Coming through loud and clear.

Shepard : *g™ buildup 3, 6,9

Shepard : OK—OK.

Shepard: OK.

Shepard: OK.

Slayton: Your impact will be right on the
button.

Shepard: This is Seven, OK.

Shepard : 45,000 feet now.

Shepard: 40,000 feet,

Shepard: I'm back on ASCS,

Shepard: 35,000 feet.

Slagton: CapCom I can read you now.

Shepard: Ahh, Roger, Deke, loud and clear.
How me?
Slayton: Switching over to G.B.L |
Shepard: The drogue is green at 21,000, |
The periscope is out. OK at drogue de- |
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ploy, 70 percent auto, 90 percent manual.
Oxygen is OK.
Slayton: CapCom, can you read?
Shepard: And snorkels at about 15,000 feet,
Slayton: Roger.
Shepard: Emergency flow rate is on.
Slayton: Roger.
Shepard: Standing by for Main,

- Shepard;_Main on green,

Shepard: Main chute ix veefed.”
Shepard: Main -chute is green. The main
chute is coming unreefed and it looks good.
Shepard: Main chute is good. Rate of de-
scent is reaching about 33 feet per second.
“The landing point, predicted at the
moment of Redstone burnout, was radioed to

_ships and aircraft in the recovery area.

Helicopters took off from the carrier, the
Lake Champlain, while Shepard's flight was
still in progress, and actually had the capsule
in sight during its descent.

“The first visual sighting was on a white
pufl of smoke, caused when the remaining
hydrogen peroxide fuel was dumped.

“Now the main parachute is visible.

“Moments after landing, one of the heli-
copters hooked on to the capsule. Shepard
had the choice of remaining in the capsule
while it was carried back to the earrier, or
being hoisted from the capsule into the heli-
copter; he elected to ride in the helicopter,
and was hoisted, with a personnel sling, from
the capsule to the same helicopter t}nt you
now see lifting the capsule.

“The entire flight had lasted 15 minutes;
6 minutes after landing. the capsule was out

of the mm'l, and 5 minutes later, it was on

the carrier’s deck.

“The time is 10:00 a.m.; just 26 minutes
after liftoff.  The capsule is being secured on
deck.

“In the past 26 minutes Shepard had been
accelerated to a speed of 5100 miles por hour,
flown to a height of 117 miles, a distsuce of

802 _miles, and had then been Iren-hi, by
hehcoptel tothis aireraft carrier.

“And here is \Alan Shepard, getting cut of
the helicopter—still wearing his prosuiv
suit.

“He had performed his mission well.
Although the masses of data are still being
analyzed, we know now that no unexpected
results were encountered.

“A full report of all the results will be
given in a technical conference .in Washing-
ton, sponsored jointly by the National .cad-
emy of Sciences, the National Institutes of
Health,and NAS.A,in ten days.

“You now see Shepard below decks, taking
off his pressure suit.

“And here, less than half an hour after
completion of the flight, Alan Shepard is
speaking by telephone with President Ken-
nedy. This country’s first step into space
had been a complete success.”

In our manned space-flight program we have
accepted a tremendous challenge. We have
come a long way in the past two years; the
work ahead will not be easy. But we can and
we must succeed in this great undertaking,.
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5. RESEARCH FOR THE SPACE AGE

by Mivox B, AMEs, Jr*

INTRODUCTION

The program has thus far dealt mostly with
space-flight missions. They, of course, repre-
sent the part of our nation’s space activities
that are mostly in the public eye. My presenta-
tion concerns NASMA's advanced research for
the space age. :

As a consequence of the expansion of our
nation’s interest in science and technology, the
word “research™ has been used to describe many

different activities: in my remarks, the word

“research” is taken to mean the process of seek-
ing new knowledge. There is a famous Latin
quotation which, simply stated, means, “Knowl-
edge is power.”
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Figure 1 will help you to understand the
role of research in our nation’s space progran.
Starting at the bottom of the figure, you can
see that research provides a foundation for the

*Deputy Director, Advanced Research Programs, Nitlonal
Aeronauties and Space Adbministration,

next upward, advanced technology, which in
turn supports the various activities and items
such as vehicles and spacecraft necessary for
the accomplishment of our ultimate objectives,
the space-flight mizsions, shown at the top.

. Research advances the general technology by
identifying and defining significant problems
standing in the way of accomplishment of fu-
ture missions. Research alzo develops infor-
mation for the solution of these problens.
Basie research generates new and advanced
concepts and ideas, which permit sigmificant ad-
vances over those obtained from day-to-day
developments of existing flight technoloay.

The greater part of the advanced Luboratory
research conducted by NASA is performed at
the Langley, Ames, Lewis, and Flight Research
Centers. Smaller but highly significant contri-
butions are also made by the Goddard and
Marshall Space Flight Centers and the Jet Pro-
pulsion Laboratory. NASA advanced re-
search is also conducted under contract or
grant by the nation’s universities, research
institutions, and industry.

Let’s consider a typical space-flight mission,
in order to identify some of the problems con-
fronting us and to describe the relationship of
our research activities in providing solutions
to these problems (fig. 2). The space mission
deals with (1) launch and exit from the atmos-
phere; then (2) space flight : and, finally, (3)
reentry and landing.

LAUNCH AND EXIT

In figure 3. we see that the launch and exit
phase of any space mission generates research
problems in many technical areas.  They may

_be Tumped broadly into three categories:
N (1) Propulsion
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(2) Materials and structures
(3) Guidance and control.

PROPULSION RESEARCH

First, I would like to discuss propulsion re-
search, which is one of the most critical and
important problem areas for space missions.
Our present research efforts are concentrated

‘on three main types of rocket—chemieal, nu-

clear, and electric. The performance potential
and future promise of these three types of
rockets may be summarized with the aid of
fizure 4. Shown on the ordinate is the gross
weight of the space vehicle at launch required
to achieve certain velocities (the abscissa scale)
for the chemical-, nuclear-, and electric-rocket
systems. Earth-orbital missions require veloc-
ities of about 25,000 feet per second, or 18,000
miles per hour. Interplanetary missions re-
quire velocities greater than 36,000 feet per
second, or in excess of speeds of 25,000 miles
per hour. Velocity requirements for lunar
missions fall, of course, in between those
for orbital and interplanetary missions. Ob-
viously, as the velocity requirement increases,
the more diflicult the mission becomes.

We see from the figure that the chemical
rocket requires the largest vehicle, the nuclear
rocket the next in size, while the electric rocket
holds out promise of the smallest vehicle for
the most difficult missions. We can see also
that the most dramatic gains in using nuclear
and electric propulsion are out in the high-
velocity range required for the interplanetary
missions whero the chemical rocket is far too
heavy and in certain missions cannot with any
reasonable size reach the high velocities that are
required. Chemical-rocket systems are essen-
tially available to us now; nuclear rockets will
come later in time, but will be available prior
to very powerful electric-propulsion systems.

The thrust of the chemical rocket is limited
by the energy content of the fuel and the oxi-
dizer. Research on high-energy fuels con-
ducted at the Lewis Research Center has already
resulted in the use of hydrogen and oxygen in
the Centaur rocket and the upper stages of the
Saturn vehicle.

Figure 5 shows one of the hydrogen-burning
Centaur rocket nozzles being readied for tests

at the Lewis Research Center. The Centaur.

40

) e o
[ TE00 Y P AT

TN N 1

ERTNEE LR N LR N TITN S

FicUre 2

NPT (SERIATAF TR

6R0SS
WEIGHT

EARTH - INTERPLANETARY
onsit .~
S
N
Qé ’ °‘
¥ &
4
O rd
Adrd
g

el i I

A 1
20,000 40,000 40,000 80,000 100,000
RISSION YELOCITY, FEET PER SECOND

625

FioURre 4




R nr] on3 =

S N LR e - "'I

FIGURE §

rocket, which will be mounted on top of an.
Atlas, will be used to extend our nation’s capa-
bility of exploring interplanetary space in the
not too distant future. While research is con-
tinuing on high-energy propellants, the outlook
is uncertain, and we seem to have reached the
limit of chemical fuels.

Figure 6 is a schematic diagram of the com-
ponents of a nuclear rocket. The difference
between the nuclear rocket and the chemical
rocket is that the reactor provides us with the

i mes"> of heating the hydrogen propellant to

extrelliely high Verocities that are two or three
times the value that we can achieve in our
h.ydrogon and oxygen chemical-rocket combus-
_tion systems. While we find that there is
Plenty of energy in the nuclear rocket system.
- the problem is to use this energy in a practical
way. The AEC and the NASA are working
cooperatively on the Rover Project, and also
undertaking fundamental research looking
toward improved nuclear-rocket systems.  Mr,
Finger discusses this work in a later paper.
Obviously, the nuclear rocket has an important
part to play in our space program, especially
for the more difficult Space missions, .
The electric rocket offers very large inereases
in specific impulse (or efliciency of utilization
of propellant), and offers great potential for
use in deep-space missions, such as flights to
Marsand Venus. Figure 7 shows schematically
an electric rocket of the nuclear-turboelectric
type. An electric rocket is attractive heeause
it will produce extremely high jet velocities
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(on the order of 200,000 mph). T:e propel-

lant is ionized (i.e., given a positive charge):
it is then passed through an electrostatic field,
which accelerates the positively charged pro-
pellant out the nozzle at very high velocities.
The Iarge amounts of electrical energy required
for the electrostatic field and the ionization of
the propellant are obtained from a nuclear re-
actor through a turbine-driven electric-gener-
ator system. as shown in the figure. Mr. Finger
also describes NASA'S work on this type of
propulsion system in his paper. I would like
to state, however, that our research on electric
rockets has already resulted in small laboratory
ion aceelerators (the rocket-nozzle part of the
system shown in the figure) that have operated
at unprecedented high efliciencies and show
promise of long endurance and reliability.
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rocket, which will be mounted on top of an
Atlas, will be used to extend our nation’s capa-
bility of exploring interplanetary space in the
not too distant future. While research is con-
tinuing on high-energy propellants, the outlook
is uncertain, and we seem to have reached the
limit of chemical fuels.

Figure 6 is a schematic diagram of the com-
ponents of a nuclear rocket. The difference
between the nuclear rocket and the chemical
rocket is that the reactor provides us with the
means of heating the hydrogen propellant to
extremely high velocities that are two or three
times the value that we can achieve in our
hydrogen and oxygen chemical-rocket combus-
tion systems. While we find that there is
plenty of energy in the nuclear rocket system,
the problem is to use this energy in a practical
way. The AEC and the NASA are working
cooperatively on the Rover Project, and also
undertaking fundamental research looking
toward improved nuclear-rocket systems. Mr.
Finger discusses this work in a later paper.
Obviously, the nuclear rocket has an important
part to play in our space program, especially
for the more difficult space missions,

The electric rocket offers very large increases
in specific impulse (or efficiency of utilization
of propellant). and offers great potential for
use in decp-space missions, such as flights to
Marsand Venus. Figure 7 shows schematieally
an electric rocket of the nuclear-turboelectrie
type. An electric rocket is attractive because
it will produce extremely high jet velocities
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(on the order of 200,000 mph). The propel-
lant is ionized (i.e., given a positive charge);
it is then passed through an electrostatic tield,
which accelerates the positively charged pro-
pellant out. the nozzle at very high velocities.
The large amounts of electrical energy required
for the electrostatic field and the ionization of
the propellant are obtained from a nuclear re-
actor through a turbine-driven electric-gener-
ator system, as shown in the figure. Mr. Finger
also deseribes NASA’s work on this type of
propulsion system in his paper. T would like
to state, however, that our rescarch on electric
rockets has already resulted in small laboratory
ion accelerators (the rocket-nozzle part of the
system shown in the figure) that have operated
at unprecedented high efliciencies and show
promise of long endurance and reliability.
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MATERIALS AND STRUCTURES

Structures and materials problems during

the launch and exit phases of our space-flight
mission spring from two basie requirements:
(1) The necessity for the lightest possible
weight
(2) The necessity for reliable structural
performance in severe environ-
ments,

One method by which we can minimize the
weight of a launch vehicle is to use high-
strength materials. Figure 8 shows how the
strength of materials in pounds per square inch

. has been improved over the years. Today, our

designs are based on strengths up to 240,000
pounds per square inch, and presumably if our
research is successful we will be able to achieve
strengths as high as 500,000 pounds per square
inch—perhaps during this decade.

While new high-strength materials appear
to be very attractive, there are, however, numer-
ous problems in utilizing them. Perhaps the
most diflicult of these problems is that of brit-
tleness or loss of toughness. As the strength
of the material is increased, it tends to become
brittle. In the embrittled state, the materials
are very sensitive to minor amounts of corrosion
that oceur during normal storage, minor im-
perfections in manufacture, and stresses and
strains imposed by normal handling.  An im-
portant part of our research, therefore, is to
gain an understanding of what constitutes
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toughness and how we can retain this important
property in the new high-strength materials
in space-flight applications.

Another related problem is that in space
flight the materials must operate at the very low
temperatures of liquid oxygen, hydrogen, and
fluorine. There is, at present, little experience
in the design of minimum-weight structures for
use at these very low or (as they are sometimes
called) cryogenic temperatures, and this is a
formidable problem to which we are devoting
considerable emphasis in our research.

Now let’s consider the severe environment of
the vehicle during flight through the atmos-
phere on the way to space (fig. 9). All of you
have seen pictures of a large rocket in its initial
phase of flight as it leaves the launching pad.
It appears torise slowly und majestically, but as
it ascends it steadily gathers speed, and before
it leaves the denser part of the atmosphere it
is traveling at a very high rate. Typieally, a
launching vehicle at a height of 35,000 feet
would be subjected to steady air pressures of
LO00 pounds per squarve foot or more at the
nose.  This is 40 times the force produced by a
100-mph hurricane, and gives some indication
of one of the critical environmental influences
the vehicle must withstand,

Becanse the launching vehicle is large, Jen
der, and flexible, severe bufleting or unsteidy
loads result if the air does not flow ~monthly
over the vehicle,  Also, at a speed slightly faster
than the speed of zound, shoek waves are fornied
that cause the flow over the vehiele to fluctuate.




Film Narrative

“In this motion picture, we see n model of
an Atlas booster, with a Mercury capsule
mounted on its nose, being tested in a wind
tunnel. The airflow, which is from your right
» left, is made visible by what is known as
Tie sclilieren technique.-- The mode] is com-

plete, even to the escape tower, which can be™

seen on the right. .\t a speed slightly super-
sonie, shock waves are formed around the
model and fluctuations of the flow are visible.”
Structural loads produced by such unsteady
flows must be accounted for in the structural
design of the launch vehicle. By means of re-
senrch studies in wind tunnels, and also by de-
tailed ‘pressure measurements in flight, we are
developing the knowledge from which these
buffeting forces can be alleviated or from which
more accurate predictions of the structural
stresses can be made. The objective then of our
research is to furnish the designer with sufficient
_knowledge to design lightweight, efficient, and
reliable structures.

SPACE FLIGHT

During the exit of our vehicle from the at-
mosphere, we have been concerned with devis-
ing lightweight structures that are capable of
withstanding larae loads and sudden accelera-
tions. In space, the situation is quite different.
Our principal research areas are shown in figure
10. They are (1) space environment, and (2)
navigation and control.

.{-— o
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SPACE ENVIRONMENT

One important problem associated with space
environment in the desigm of space vehicles is
protection against meteoroids. We are trying
to define the macnitude of the hazard that mete-
oroids impose.  Using the best available (but
still fragmentaryy knowledge of the numbers
andsizes of 1o
present theori.-
them, we arrive
figure 11.

the situation illustrated in
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In this figure, we have plotted the weight of
the outer skin of the vehicle, in pounds per
square foot, using both optimistic and conserva-
tive estimates from current theories. This
weight is plotted against an average survival
time for one meteoroid penetration. Obviously,
if a man were in the vehicle, even one penetra-
tion might be excessive. The area of uncer-
tainty is the dark region whose upper boundary
represents the pessimistic estimate. The point
is that, regardless of the survival time re-
quired—a day, or a year, our present knowledge
does not enable us to specify the shielding re-
quired. If we use the conservative estimate, the
weight required is about eight times that re-
quired for the optimistic estimate for the case
of the longer missions. This fut emphasizes

_our need for better data.

Figure 12 shows, on the left, the crater made
by an actual meteoroid impact on a sounding
rocket. It occurred at an altitude of about
90,000 feet within the atmosphere : consequently,
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the meteoroid must have been greatly slowed
down from its original speed by the atmosplere
above this level. The rocket itself was traveling
at only about 3000 miles an hour. The impact
was therefore much slower than those we expect
to encounter in space. Nevertheless, the inci-
dent is of great interest in demonstrating that
impacts actually do occur.

Intimately coupled with our need for a better
assessiment. of the number and size of meteoroids
that we might encounter is a need to evaluate
the damage that each can create. To study
this problem, we have to develop capability
for creating impact at meteoroid velocities
under controlled conditions in a laboratory fa-
cility on the ground.  On the right is a photo-
graph made in an NASA laboratory of an
impact erater made by shooting a small steel
ball at a copper tavget.  ‘This comparison sim-
ply shows tllchsimilzlrity of the two craters, one
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made by a micrometeoroid in space, and the
other by a particle shot from a gun in the
laboratory. B

Within the past year, for the first time, we
have achieved velocities at the Jower limit of
the speed of meteoroids (30,000 ft/see): and
of equal importance is the fact that the meth-
ods for achieving even higher speeds in the
laboratory are now evident. _

NAVIGATION AND CONTROL

Now let us turn to spacecraft navigation and
control.  Shown in figure 13 are three typical
space flights: (1) an Earth satellite, (2) a
Tunar circumnavigation and return to Earth,
and (3) a planetary probe,

We are conducting research on all of these
missions, and  have concentrated on four
problem arveas:

(1) Trajectories (the flight paths required




SPA mxcwr" INAVICREION IONERQ
»
7
f':)'J
\\

RESEARCHIARPAY

EXATESHORIES

ALHTUDEECRIROE
< l.l.\'l(r/.\!(u). SRCUTANCE:
M ANNE DREONIRO]

Fioure 13

for mission accomplishment) arve receiving in-
tensive study., As an example, recent studies
of a lunar circumnavigation flight, with return
to Earth, show that certain trajectories will
reduce the miss distance at the Earth and in
turn reduce the power required for the flight-
path correction.

(2) Attitude control. which is needed for
proper orientation of the spacecraft in such
functions as astronomical observation or thrust
application to change position of the space-
craft, is another important problem area.

(3) Navigation and guidance are the matter
of knowing where you are, where you want to
be at some future time. and how to get there.
Much of our research on navigation and guid-
ance is concentrated on manned lunar flight;
however, flights to the near planets are receiving
increased attention. .

(4) Much research has been undertaken on
manned control (or the role of man in con-
trolling the spacecraft). Results of these
studies have already been applied to the X-15,
Project Mereury, and the U.S, Air Force Dyna
Soar.

In addition, we are giving some attention to
the special problems of a spacecraft perform-
ing a rendezvous with another craft in space.
as shown in figure 14,

Space rendezvous is the process of bringing
together two spacecr: aft at some predetermined
point or time in space. For example, it per-
mits assembly of components in space and
therefore results in a larger vehicle in space

.
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RIS SUVIL SR

FI1GURE 14

than could be placed there by a single launch

vehicle. Rendezvous also permits the perform-.

ance of special functions such as supply,
maiitenance, and crew transfer.

One aspect of our studies of the ability of
man to control spacecraft relates to the termi-
nal phase of rendezvous in space. We have
considered instrument as well as visual flight
through the use of gronnd-based flight simula-
tors, shown in the figure. The simulator con-
sists of a cockpit that provides the astronaut
with spacecraft controls, appropriate flight
instruments, and a view of the simulated out-
side space. Through these simulator studies,
we are led to the tentative conclusion that man
will be able to control the terminal phase of
a space rendezvous.

REENTRY FROM SPACE

Let us now turn to the problem of the entry
of space vehicles into the atmosphere of the
Earth or that of other planets (fig. 15). The
eternal reentry problem, of course, is that of
heat generated by the atmosphere. The tre-
mendous kinetic energy of the spacecraft has
to be converted into other forms of energy.
mostly mechanical and heat energy. in order
to slow the body down to aveid burning and
other structural destruction.

The last phase of a manned lnar miszion
during reentry into the Earth’s atmosphere
poses much more severe problems of guidance
and control, deceleration. and heating of the
vehicle than will be experienced by the Mer-
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- cury capsule on reentering the atmosphere at
satellite velocities. Perhaps you can visualize,
with the aid of figure 15, a spacecraft t raveling
from a distance of a quarter-niillion miles out
in space and heading toward the Earth at a
speed of 25,000 miles per hour. In order to
decelerate and land safely in its first pass
around the Earth, the simple ballistic capsule
shown must enter a flight-path corridor with
an accuracy of only 315 miles above or below
the proper trajectory. For scale, this corridor
width is less than 1,/1000 of the diameter of
the Earth. In this figure, the width of the
line representing the entry-corvidor t rajectory
has been exaggerated about ten times to permit
you to see it. Present gmidance technology is
not capable of meeting this stringent require-
ment in a practical way. If our capsule vi-
dershoots this corridor, the occupants will e
destroyed by the high deceleration forces or
burn up in the atmosphere.  On the other hand.
if it overshoots the corridor, our manned ve-
hicle will make another excursion out into the
great radiation belts involving the probability

- of several additional days of flight, if indeed
it can return to the Earth at all.  We are, of
course, extending our work on guidance and
trajectory control to find means of meeting the
severe gecuracy requirements imposed by the
ballistic type of vehicle.

We are alto conducting research on other con-

- cepts, such as the half-cone lifting body shown
in-the figure. Results indieate that the per-
missible  entry-corridor  width  might  he
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increased to perhaps 40 miles by the use of
limited amounts of lift. This concept would,
of course, greatly alleviate the guidance prob-
lem and also reduce the accelerations experi-
enced by the astronauts, :

Naturally, we would like to have a wider
corridor. Unfortunately, however, a vehicle
with enough lift to have a wider corridor would
be heavier and subject to fantastically high Leat
loads and temperatures. We simply do not
know enough about high-temperature materials
and structures to build a vehicle for a very
wide corridor.

We have concentrated mueh research on re-
entry from deep space during the past year and
have made substantial progress in the problem
areas shown in figure 15 : guidance, deceleration.
aerodynamic heating, materials, structures, and
stability and control, -

Figure 16 shows an experiment with a model
capable of using small amounts of lift in one
of the NASA'sadvanced “wind™ tunnels.  Here
the model is located in a so-called shock tunnel
with an airstream having a duration of about
a millisecond.  Since the speed is well above
12,000 feet per second, the air undergoes chem-
ical changes indicated by the luminescent
regions on the model.  The study of the flow
pattern on this figure, which is from left to
rvight, shows very clearly the regions of maxi-
mun air temperature.  We learn about the heat
transfer, the atmospherie friction, and also the
chemical processes of ionization of the atmos-
phere that produce the electro-fluid-dynan;ies




phenomena in the vicinity of the body, which
cause radio blackout and hence play an impor-
tant part in the communication with the space
vehicle.

We are continuting research and development
on these complex problems for a variety of re-
entry bodies, thus giving the designer a selection
to suit his requirements.
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Figure 17 illustrates the present status of
research relating to the protection of the struc-
ture from the high temperatures of atmos-
pheric entry. I have plotted temperature
against heating time, varving from a few sec-
onds to more than 1 hour. Intercontinental-
ballistic-missile nosecones fall in the extreme
left-hand part of this chart. I have also indi-
cated the general region for the Mercury
vehicle and that for reentry from advanced
manned flight from the Moon. Various parts
of this region represent conditions on ditferent
parts of the lunar vehicle from the nose to the
stern, and the conditions likely to be encoun-
tered by variations of guidance accuracy, The
shaded arveas of the chart represent the types of
solutions shown by research to be most desiznble
for the various conditions of temperature and
duration, and also the research goals of pro-
viding for higher-temperiture protection for
longer times.  The lower left-hand region of
the ficure, where the temperatures are rela-
tively low for short periods, is the region where
suflicient protection can be provided simply by
using a heavy metal cover as a heat sink, which

will not become too hot in the short time of
exposure, For the lower temperatures and
longer times, protection can be provided by
radiation cooling of refractory materials. For
flight conditions for higher temperatures and
short times, ablating materials that vaporize
will provide protection. This system is used

. for Mercury nnd for udwmcd I( BM nose-
cones.

o e e

“"Thicker ablating material will, of course, pro-
tect for longer times, but there is a limit to the
practicality of just increasing the material
thickness. Charring ablatives are showing
much promise for the combination of high tem-
peratures and long exposures. Much research
remains to be done with these materials, but

~we_think we are on the right track to provide
“heat protection for the uontu of vehicles flom

deep space.

- X-13 FLIGHT-RESEARCH PROGRAM

I wonld like to conclude my talk with a brief
report on the X-15 flight-research program.
Mr. Bikle deals with this program in more
detail later.

In 1954 the NACA (predecessor of the
NASA) recommended, on the basis of results
of research that it had conducted, that a flight
vehicle like the X-13 was feasible and should be
built and flown for research and operational
experien('o. as a stepping stone: to manned
hypersonic and space flight. The X-15 re-
search airplane program is a cooperative effort
of the Air Force, the Navy, the NASA, and
mdustry. We have now reached the stage
where the X153 is being used for its intended
purpose as a flight-research vehicle. The
flight-research program began last year: alti-
tudes as high as 32 miles have been reached, and
the maximum speed achieved has been 3507
miles per hour.

In addition to setting new records, more im-
portantly, this program is yielding us much
valuable technical data.  Flight results to date
have demonstrated that  well-controlled  air-
plane-type landings cau be made by space-type
vehicles. The most interesting flights still lie
ahead of us. In order to take full advantage of
the potential performance of the X135, we will
conduet an agaressive flight program, and plan
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to use all three X-15's before the end of the
calendar year to achieve maximum speed and
altitude capabilities.

I would like to show you now a film sequence
of a flight of the X-15.

Film Narratice

“The X-15 is wmounted beneath the right
wing of the B-52 mother ship. Now you can
... see the nozzle of the large rocket engine.. The
X-15 drops away from the mother ship at
altitudes around 40,000 feet. Now the engine
has lighted. The airplane accelerates and
climbs very rapidly, since it has 53,000 pounds
of thrust. The view you are seeing was taken
by a camera looking from the rear of the pi-
lot’s canopy. Notice how fast the X-15 is ac-
celerating. If you watch closely, you can see
it leave the two F~104 chase planes far behind.
Drag brakes are used to slow the airplane
down from time to time to keep within the
speed prescribed for this particular mission.
You will also notice the horizon as the air-
plane banks and turns sharply. The vapor
seen is due to the exhaust of the auxiliary
power units. From time to time the engine

is cut off and restarted, as shown by the
larger vapor trail, The reaction or space
controls are also shown in operation. Now
we sve the X-15 approaching Fdwards Air
Force Base for the landing. The rocket fuel
has been exhausted, so the airplane is gliding
without power. You will see the landing
skids come down just before touchdown. The

X-15 lands as speeds between 175 and 200

miles per hour. After touchdown it takes

about 5000 feet, or 1 mile, for the airplane

to stop.”

Our experience with the X-15 serves to em-
phasize an important point about research.
Here we have just seen on film the results of
a strenuous and cooperative effort in research,
development, and engineering. In 1954 the
X-15 was only an idea in the minds of research-
ers. Engineering design started in 1955. I
believe that this illustrates the long lead-time
aspect of research activity. In time, the results
of many of the research studies I have discussed
with you will find their way into our country’s
space vehicles.
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------------ —6.'LIFE SC727.20S PROGRAMS

by Aveeep M. Mavo®

Space presents a frontier of unequaled men-
tal, physical, and scientific challenge to man.
It is characterized by environments completely
unfriendly to human survival. The successful
achievement of space flight can unlock
unlimited potential for krowledge and
application. _

When a man ventures from the protective at-
mosphere and electromagnetic shields of his
native Earth, he becomes totally dependent
upon the artificially created atmosphere and
the protective systems of his spacecraft.

The Life Sciences Programs are designed
(1) to ensure that knowledge is available for
optimum utilization of human capability in all
phases of space exploration, and to ensure sur-

vival of human erews; and (2) to implement:

the gathering of knowledge about life from be-
yond the Earth.

“Aerospace medicine” is concerned with an
understanding of the human psychophysiology
and the mechanisms by which the human sys-
tems react to changes in environment. Figure
1 illustrates the complex of environment haz-
ards, each of which must he controlled to levels
consistent with human needs.

Aeromedical research carried on for aireraft
flight has provided a considerable amount of the
information necessary concerning the effects of
acceleration forves, of noise and vibration, the
needs for oxygen, and for eabin pressure and
temperature control. It was this background
of information that was tapped to develop the
Mereury capsule system and to provide the pro-
tection needed for the first small ventures into
space,

Future flights will be of much longer dura-
tion: many of them will be outside the protec-

¢ Acting Deputy Director, Life Scienees Programs<, Nationat
Aerunauties and Space Administration.
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tive influence of the Earths atmosphere and
magmetic and other fields. Before the flights
can be safely and effectively carried out. it is
essential that knowledge be gathered to define
environments to ensure adequate protection and
conditions conducive to. effective human
performauce.

Basic knowledege is lacking concerning the
prolonged effects of reduced gravity  and
weightlessness. The extent of the threat and
the protection required against the vast spec-
trum of unshielded radiations in space must be
detined. Probing must continue to determine
if other environmental factors, either presently
unknown or considered unimportant on Earth,
will require consideration.  The eflects of com-
binations of environmental stresses must be
determined as a funetion of time in order that
the necessary design specifieations can be made
available. To meet these needs, it is necessary
to understand how each of the vital body sys-
tems reacts to each of the potential changes in
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environment. Some of these reactions are
known; some can be determined by ground ex-
periments: and others will require biologieal
experiments in actual space flight. The biolog-
ical information required from actual fligght test
is of critical importance. Lack of these data
could delay subsequent steps in  space
exploration.

“The Russians have given high priority to.

their biological flight program, as evidene ed by
seven major flight experimental systems for
biological information.

Iuformation from actual flight experiments
is needed in the field of high-energy ionizing
radiation effects. It is necessary to study
changes in the blood and the circulatory sys-
tem: in the brain and the nervous system; the
digestive system; and in fact to varying de-
grees, in each of the body systems. Potential
damage to the reproductive and genetic sys-
tem is of particular concern in radiation studies.
Because these effects may not be apparent for
_several generations after exposure, it is impor-
tant that means of estimating the longer-term
effects be included.  Fortunately, methads have
been developed to use rapidiy replicating lower
life forms to estimate po<ible Tone-tevin vadia-
tion damage to the human wpm(hu tive system,

Flight programs have fwon desigin Jis
l't'.\ll](a not obtainable in the Earth laboratories.

Balloons are being flown above 90 pereent
of the atmosphere at northern latitudes where
the effects of cosmic particles can be studied.
Biological specimens from flights at Bemidji,

rol
T
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Minnesota, are now being studied: additional
flights are scheduled for Fort Churchill,
Canada.

The lower Van Allen Radiation Belt pro-
vides a gigantic laboratory with mixtures of
high-energy protons unavailable in any pres-
ent Earth laboratory. To tap this laboratory
potential, specimens of bread-mold  spores
Neurospora. which have been extensively used
in radiation studies, were flown into this radia-

tion belt aboard the Nuclear Emulsion Recov-
ery Vehicle in June of 1960, \ greater inci-
dence of deformities in succeeding generations
of the exposed spores than expected from the
radiations measured was observed. These re-
sults indicated the need for a more compre-
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hensive program to determine the cause of these
changes and to develop technology for addi-
tional important. research. New tests using a
modified vehicle with mueh more extensive bio-
logical experiments are scheduled for this Fall,
Future radiation-study projects will require
orbital biological experiments in and above the
Van Allen radiation belts. The extensive
ground controls and experimental programs
for these flights are now being planned.

“Biotechnology™ is conoernod with theappli-~ ™

cation of biological and medical research data
for the protection and use of human beings in
spare-exploration systems. For example, figure
2 illustrates the need to study and combine

Er FOMBOSITERHIEEDING SO ™
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-arions means of protection against radiation,

including the potential use of magnetic and
ele(tr()smnc fields as well as shields made of
ordinary materials. One of the major techno-
logrieal ob]ectl\ es of the Mercury program was
the development and flight demonstration of the
means for supporting human life and perform-
ance in space flight.  During this program. it
was necessary to develop means of messuring
and transmitting data relative to the physio-
lagical function of both the animals and men
being protected by the systems nsed.  Instru-
ments were applied to the remote measurement
of heart function, respiration, and temperature,
For each step in the program, instrumented
animal flights are made to test the effectiveness
of the protective systems and to provide new
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knowledge on the accommodation to environ-
mental changes.

On May 5th, Alan Shepard's flight in the
Mercury capsule provided us with the first
conclusive proof that, in addition to survival in
the weightless flight as indicated by Gagarin,
a human being is capable of performing intri-

cate control functions. Shepard was able simul--

taneously to aline multiple instruments and to
provide the manual control coordination neces-
sary to match with the characteristics of his
space vehicle. Physiological data recorded
during this flight indicated even less variation
from normal than did similar measurements
taken during the preliminary flight of the
chimpanzee, “Ham.”

Added orbital flights, first with animals and
later with men, are now being planned to ex-
plore the eflects of longer-term weightlessness
and to develop life-support systems adequate
for longer-term flight. Chimpanzees have been
chosen for these preliminary flights because it
has been shown that these animals can be trained
to perform intricate tasks. Any degradation
of performance provides an extremely sensitive
indication of problems in one or more of the
body systems. Lower forms of life are carried
also for a check on the detail type of malfunc-
tion that may have caused a degradation in the
performance of the chimpanzee.

Advanced spacecraft developed from these
flight tests plus numerous ground-based pro-
grams will define the protective systems
necessary for more extended exploration by
man.

Many of the flights in the near future will be
unmanned. Because of the high cost of each
flight, it is important that maximum care be
taken to get the most possible knowledge from
the effort spent. Many of the desired manifes-
tations are not directly accessible to human
senses. For example, information is needed to
define radiation fields in space, the energy of
which we cannot directly see, feel, taste, hear.
or smell. Figure 3 illustrates the very tiny
portion of the electromagnetic spectrum of
energy directly accessible to human vizion and
the similarly narrow band. in the sound and
vibration range, in which we can hear and feel.

To make the best use of man, it is inportant
that the collected information be measured and
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presented in a form that can be easily under-
stood. Asan example of this problem, figure 4
is a sample of graphical data received from
radiation-measuring equipment aboard a satel-
lite vehicle. It is exceedingly time-consuming
and difficult for the best trained scientist to in-
terpret these data. On the other hand, n pic-
torial presentation of the Van Allen radiation
belt, figure 5, conveys a great deal of informa-
tion on the distribution of these radiations
around the Earth to even an untrained
individual.

The direct utilization of this type of pictorial
information, generated by the use of advanced
data-gathering, computing, and display tech-
niques, shows great promise for accelerating
the rate at which information ean be provided
and displayed in a manner conducive to rapid
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assimilation as human knowledge. Figure 6
illustrates a display system in which a man ean
see directly presented such information as his
location, his desired location, and the extent to
which he is achieving desired flight objectives.
Additional information from sensing instru-
ments can be superimposed to inform him of the
degrec of hazards such as space radiations or
obstacles. The provision of information needed
to permit ohjective selection and to provide the
extensive training of the required space-explo-
ration crew members is another important con-
cern in aerospace medicine.

“Space biology™ includes the exploration of
space for studies of life forms, including the
search for extraterrestrial life for knowledge
contributing to the understanding of life proc-
esses and the evolution of life in our universe.

It is now believed by many that life can and
has originated wherever the conditions have
been right. University scientists working on
this premise have been able to synthesize pro-
tein particles from gases typical of some plane-
tary atmospheres. They have found that the
size of the particles formed is a function of the
gravity force during the experiment. One “g”,
for example, produces particles about the size
of bacteria, but supernormal gravity yields
much larger units.

While much of the most important life-
detection work must await samples from land-
ing svstems or manned Tandings, preliminary

work is under way to include infrared ohserva-

Ficuee 6

tions of planetary atmospheres for the detec-
tion of life-like compounds. Studies are also
being made of meteorites for life, or life-like
compounds.

Important work is under way also to prevent
contamination of the Moon and planets by
Earth organisms earried by exploratory vehicles
and to provide in turn for the protection of the
Earth from the possible danger of rapidly
growing extraterrestrial organisms that could
conceivably be carried hick to Farth by our
exploration vehicles.

In summary, an important part of the life-
science effort in support of NASN in the ex-
ploration of space must be prepared in ground
laboratories. It must be clearly understood,
however, that the major gains from space ex-
ploration will depend on the flight and plane-
tary operations. Accordingly,a manned Earth-
orbital laboratory is an important need for
further expansion toward true lunar and plane-
tary exploration.

In the process of exploring spiace, many new
techniques and devices are reaching a usable
state of development. Their application can
provide both new utility and economie progress
in such diverse fields as transportation, com-
munication, and education.  Already, advanced
miniature sensing, analysis, and display de-
vices, stimulated by the biomedieal require-
mients of the space program, are showing poten-
tial for direct use by the medieal profession to
improve the health of people on Earth.
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NASA SPACE FLIGHT PROGRAMS
7. NUCLEA_R ‘PROPULSION FOR SPACE VEHICLES ... ..

by Harorp B. FINGER®

All of the rocket systems that have been used
to date and that are planned to deliver payloads
into space in the near future are propelled by
engines that utilize the energy developed from

-.-the combustion of a chemical fuel with an oxi-

dant. In our most advanced chemical com-
bustion systems, hydrogen will be mixed and
burned with oxygen, producing a high-temper-
ature gas jet that is ejected through a jet nozzle,
producing the thrust to propel the space vehicle.

Unfortunately, the energy available from the
combustion process is limited by the chemical
bond energies within the compounds. There-
fore, when. we talk of conducting deep-space
exploration missions or missions requiring ex-
penditure of large amounts of energy, we must
search for systems that can provide higher
energies in smally compact, lightweight pack-
ages. As you might expect, the energy of the
atom becomes the leading candidate and. in-
deed, becomes a requirement to break the bar-
riers to long-range solar-system flights,

Several systems have been proposed for the
application of nuclear energy to the propulsion
of space vehicles. The two that are receiving
emphasis are the nuclear heat-transfer rocket
(the Rover system) and the nuclear-electric
rocket. Of these two, greatest emphuasis is being
placed on the nuclear-rocket system. My dis-
cussion is concerned with both the nuclear
rocket and the nuclear-electric propulsion sys-
tem being developed for use in our space
program.

A drawing of the nuclear-rocket Rover engine
is shown in figure 1. Its principal parts are
the reactor in which the propellant is heated,

*Manager, AEC-NASA Space Nuclear Propulsion Office,

and Assistant Director for Nuclear Applications, Natfonal
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the turbopump, the jet nozzle, and the control
system, which is not shown here.  Hydrogen is
pumiped from the propellant tank to the jet
nozzle, where it is used to cool the walls of the
jet nozzle. The hydrogen is stored as a liquid
in the propellant tank and is at a temperature
of approximately —420° F at the entrance to
the double-walled jet nozzle. \fter cooling the
jet-nozzle walls, the hydrogen cools the reflector
of the reactor. The reflector portion of the
veactor is used to conserve the neutrons that
are required to produce the fission process. The
reflector, therefore, helps to reduce the size of
the reactor core and the mmount of uranium that
is required in the reactor. The hydrogen then
passes through the rexctor core, where it comes
in econtact with fuel elements that ave loaded
with the uranium fuel.  The capture of neu-
trons by the uranium causes fission of the
uranium nuclens, releasing the large fission heat
energy. This fission heat energy is transferred
to the hydrogen flowing throngh the reactor
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past the fuel element. After being heated in
the reactor, the hot hydrogen gas is then ac-
celerated through the jet nozzle, producing
thrust.

Hydrogen is used in our system because it
produces a high specific impulse, which means
a high thrust for every pound of propellant that
flows through the jet nozzle in a second. The
specitie impulses that we believe ave attainable
intoe
to three times the values that are possible with
the chomical combustion engine systems. This
increa=e in thrust for every pound of propellant

flow gives a substantial reduction in the total

weight of propellant that is required to per-
form a specific space mission. As a result,
larger payloads can be delivered on long-range
missions than would be pessible with chemical
combustion systems. The more difficult the mis-
sion, the larger is the payload advantage of the
nuclear rocket over the chemical rocket.

As a result, the true potential of the nuclear
rocket shows up to greatest advantage on dis-
tant and difficult missions such as the one shown
in figure 2. This figure shows a comparison of

—

lid-fuel-eleinent ficlear rocket are two
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nuclear and chemieal vehicles that would be re-
quired to perform a manned Marx exploration.
I believe it is clear that, if such a mission is to
be done, nuelear energy will be required, Ob-
viously, any such analysis must be considered as
extremely preliminary and must be based on
many assumptions regarding the space environ-
ment, man’s adaptability in space; and the re-
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quirements of long-distance space flight. 1In
these ealeulations, it is assumed that the space
vehicles shown here have been assembled in an
Earth orbit. ‘These ealeulations assume that the
total trip time, including a 40-day wait peruad,
is 1 year. You can sce that the all-chemical
vehicle using hydrogen and oxygen as propel-
lants would have an inttial weight in Earta
othit of almost 10 million pounds in order to

perform this mission.  The uuclear vehicle

would weigh 13, the weight of the chemical
vehicle. The reactor powers required in the
nuclear vehicle are in the neighborhood of
10,00 megawatts in the first stage, 6,000 in the
second, and 1800 megawatts in the third stage.

“In addition to the advantages for such long-
range planetary missions, the development and
application of nuclear stages to vehicles to be
used for advanced manned lunar-traflic opera--
tions would offer performance and economic ad-
vantages. The power levels that will be re-
quired in the planetary vehicles will be suitable
for use in such manned lunar operations.

The development of the technology of the nu-
clear rocket is already under way in the joint
AEC-NASA Rover program. .\s part of this
program, we will be developing reactors that
can operate at temperatures above 3500° F with
hydrogen as a propellant for the full-power
duration that will be required for all of these
lunar and planetary missions. Work is also in
progress on the development of all of the other
principal components of nuclear-rocket-engine
systems such as the pumps, nozzles, controls,
and shields that are required. Our program
will therefore provide all of the nuclear-propul-
sion technology required for extensive space
operations,

The major early steps in the program were
taken when three research reactors named
KIWL, after the flightless New Zealand bird,
were tested in the summer of 1959 and the sum-
mer and fall of 1960 by the Los Alamos Neien-
titic Laboratory. These reactors were called the
KIWI-A, the KIWI-\’, and the KIWI-A3.
The tirxt reactor tested inJuly 1959, the KIWT -
A, used a flat-plate graphite fuel element sueh
as this sample frel element.

A drawing of the arrangement of these fuel
elements in the KIWI-A reactor core ix shown
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in figure 3. The fuel-element plates were in-
serted into the unloaded graphite support strue-

[ U ——~-~—<uppolf dructure.

high and acted as spacers bet ween two adjacent
plates.  The hydrogen gas used in the test
passed throngh the 0.050-inch space and was
heated as it flowed through the reactor. Each
of these plates was 14 inch thick and was loaded
with T =,
located within the inner ring of this wheel-like
“T'he control rods required
to regulate the fission rate, and therefore the
power of the reactor, were located in the wutml
heavy-water island.

A\ photograph of the KIWI-\" reactor, the
second reactor, taken during its full-power test
in July 1960, is shown in figure 4. The external
appearance of all three of the reactors tested
to date was purposely made essentially the
same as the one shown here. Hydrogen gas
rather than liquid hydregen was used as the
propellant in these first tests. In addition,
water rather than hydrogen was used to ¢ool

; ture. The ribs on each plate were 0,050 inch  the jet nozzle and the pressure shell. As you
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can see, the jet was directed upward in these
tests. All of these special features were utilized
in order to simplify the operations of these
early research tests.

Although the external appearance of the
three reactor tests was the same, the second and
third tests, this KIWI1-\" and the KIWI-A3,
used a reactor-core geometry different from the
one used in the KIWI-A reactor that 1 de-
scribed earlier. The results of all of these tests
were extremely enconraging in helping us eval-
uate the materials used, the design procedures
used., and in giving us confidence us to our
understanding of the conditions in these high-
temperature systems.

Asa result of the mfmm.mon gained in these
early tests, we consider that we are ready to
take on the next test series, the KIWI-B series.

The KIWI-B test series will start later this
year and will include tests using liquid hydro-
gen as a propellant.  This series of tests will
evaluate the performance of several ditferent
reactor designs. The use of liquid hydrogen in
the KIWI-B tests will provide us with im-

_portant information in an area that is not vt

well evaluated. The etfects of liguid hydrogen
as a propellant have heen analyzed, as well ax
is now possible, with reassuring vesults. How-
ever, the actual operation, control, and startup
of a reactor using liquid hydrogen are major
milestones in our progran.

The testing of a reactor with liquid hydrogen
requires that we develop certain components
similar to the nonnuelear components that will
eventually be required in the nuclear-rocket
engine. Some of these are shown in tirure 5.
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1t is obviously necessary for reactor testing with
liquid hydrogen to pump the hydrogen from the
storage tank into the reactor. Two turbopump
systems are now under development to provide
such a-capability. The first of these is the pump
system shown at the left of figure 5. This is
_actually the system that has been used to de-

driven by a turbine from the Atlas rocket en-
gine. When this turbopump system is installed
in our first liquid-hydrogen test facility at the
AEC Nevada Test Site, cold hydrogen gas will
. be used to drive the turbine much as steam
drives our ground powerplant turbines.
The turbopump shown at the lower left is
“now under development. It begins to look
more like the flight-type turbopump of the
nuclear-rocket engine shown in figure 1. The
space between the turbine located at the bottom
of this support structure and the pump at the
top of the structure is occupied by a meter to
measure the torque imposed by the turbine on
the pump shaft. Tt is used only as a means of
measuring pump and turbine performance and
will be removed before installation in our sec-
ond liquid-hydrogen reactor test facility, which
is now under construction at the Nevada Test
Site. In our reactor tests, this turbine will be
driven by the hot combustion products of hy-
drogen and oxygen burned in a gas generator.
It could also be driven by hot hydrogen gas;
and in a flight engine, hot hydrogen would
probably be the driving gas.
#During the next KIWI-B series of tests,
another advance will be made. .\ hydrogen-
cooled jet nozzle will be used in place of the
water-cooled nozzle utilized in the KIWI-A
tests. The high heat flow from the hot hydro-
gen jet to the jet-nozzle walls requires that we
use liquid hydrogen as a coolant. Water would
be completely unsuitable. T should point out
that this nozzle-cooling problem is another of
our unanswered questions. Even the hydrogen-

ad

oxygen chemical combustion engines do not grive
as high a heat flow into the nozzle wall as does
the nuclear-rocket engine. We do not yet have
suflicient data to be sure that our analytical de-
sigm techniques are accurate. \s an insurance
precaution, therefore, we are also doing work
on a nozzle just like this one but with a ceramic

802955 0---61 —-3

~—~velop our liquid-hydrogen pump.” The pump is

coating on the inside surface to act as an insu-
lator to keep the heat flow into the nozzle wall
low. We are now evaluating such ceramic
coatings. - '

At the right of figure 3 is shown a photo-
graph of the Linde liquid-hydrogen plant that
is providing much of our liguid hydrogen for
this program. The demands on liquid hydro-
gen have, however, grown so rapidly that an-
other plant is now being built, and the prospects
are good that still another will be required be-
fore very long.

In essence, I believe that you can see that. the
KIWI-B series of tests, including a reactor,
a liquid-hydrogen turbopump feed system, a
liquid-hydrogen-cooled  jet nozzle, and, of
course, antomatic controls, constitute what
might be called a “breadboard™ engine. .\
breadboard engine is one that contains all of
the important parts of the engine, but these
parts are not necessarily flight-weight parts nor
are they positioned as they would be in a real
engine. We intend that the KIWI-B series of
tests should lead to a reactor that can be flight-
tested at an early date.

Four parallel industrial studies have been
conducted to evaluate the various methods that
are available for flight-testing the first nuclear-
rocket propulsion system. In general, all of
the four contractors suggested a flight test sim-
ilar to the one shown in figure 6. Both NASA
and the AFEC agree that flight-testing of this
new and advanced system is necessary to pro-
vide design information and also to provide
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confidence in the solution of any unexpected
problems that may be the result of the space-
flight environment.

In this flight-test system, the nuclear test
stage would be launched by the first stage of the
Saturn vehicle (the S-I stage) on a ballistic
lob trajectory entirely over water. The range

“of the flight would be carefully controlled so
“that the impact ‘point would be accurately pre-

dicted. The nuclear stage would be started at
altitude, as would be the case in an operational
mission. The possible hazard at the launch site
is therefore minimized. - It is important to note
that continued development of such a flight-
test system could lead to an operational third
stage on the Saturn vehicle. The application
of such a nuclear third stage could increase.
the escape payload of the Saturn vehicle by 2
to 3 times the value of the all-chemical Saturn
system. The conduct of a flight test in this
manner will therefore provide useful technieal
information applicable to a Saturn nuclear
stage and to nuclear technology generally. 1f
we ave first in such a flight, it will also un-
doubtedly provide a boost to our technological
stature.  Qur program planning indicates that
it is reasonable to expect that such a flight can
be conducted in the 1966 to 1967 time period.

We are now in the process of selecting an
industrial contractor who will be assigned re-
sponsibility for the development of the NERVA
engine, our first Nuclear Engine for Rocket
Pehicle .tpplication. This NERVA engine
will be utilized in our flight-test system. It will
be developed at the Nevada Test Site in facil-
ities that will include test stands such as the
Test Cell D, which is now under design. A
drawing of the present concept of the Test Cell
D complex is shown in figure 7. The vertical
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that will be required to develop nuclear-rocket
systems including the engines and the vehicles.
In general, our program aimed at the devel-

-opment of nuclear-rocket technology recognizes

the long-term applicability and wtility of
nuclear-propulsion systems. We recognize that,
the sooner the technology is developed and
demonstrated. the sooner it will be used 1o
great advantage. We recognize further that
the long-range missions through the solar sys-
tem require the use of such propulsion systems.
We must therefore conduct this program on an
urgent basis.

The second major nuclear system that I
would like to discuss is the system to generate
electrical power for application in the advanced
electric-propulsion concepts that are being

_ studied by many ditferent industrial and Gov-

stand will, for the first time, permit reactor sys- -

tems to be fired downward. Iydrogen storage
is shown by the large vacuum-jacketed spheres.
The control center as visualized in this drawing
is underground approximately 1000 feet from
the text stand. During fest operations on the
engine, <hielding will be moved up to enclose
the engine, reducing the direct radiation to the
test stand and avoiding long-lived activation
dificulties.  Design work is now in process on
a mazter plan of the overall facility complex

58 -

ermment groups. - In this system, electrical
power is used to accelerate charged particles
to high velocities and high specific impnlse,
producing the thrust to propel space vehicles,

One of these concepts is shown schematically
in figure 8. "This is a sketeh of the principal
elements of an ion accelerator system. Jons
of a heavy element such as cesium are produced
when the cesium vapor is brought into contact
with the heated porous-tungsten grid.
tially, this heating of the cesium strips ele--
trons from the cestum atom and leaves a posi-
tively churged atom, which is referved to ax an
ion.  These ion= are the . accelerated through
a voltage difference, providing a high-velocity

Es<en-
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but low-thrust jet. Because like charges repel
each other, the accumulation of positive ions
at the dlschurge of the electric jet would exert
& force tending to slow down the flow of other
positive ions out through the electric jet. In

order to avoid the buldup of positive charge in .

this discharge region of the jet, electrons are

_ injected into the stream, thereby neutralizing

the charge in this area and relieving the ob-
struction to further higher-velocity flow.
Figure 9 shows a photograph of an ion jet
engine operating in a vacuum chamber at the
Lewis Research Center. The source of cesium
ions and the accelerator grid and the electron
guns are shown.

A true evaluation of the feasibility of this.
type of accelerator system will require space
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upenmem:,, since no ground test facility can
truly simulate the infinite expanse and the hard
vacuum of space. We plan to conduct such
space feasibility exper iments on the Scout solid-
propellant vehicle in 1962 using batteries as
the electric power supply to provide the volt-
age difference required to accelerate the ions.

It is important to point out: that the thrust

h_produced in these electric-propulsion systems

is extremely low compared to .the weight of

engine and the rocket it propels. For this rea- -

son, electric-propulsion systems cannot be used
in booster or launch-vehicle applications. They
can, however, be used once the spacecraft has
been placed in orbit, when it is no longer neces-
sary that the engine be capable of lifting the
spacecraft weight. In this application, the low

thrust -is exerted over a long period of time L

until the velocity required to reach the desn‘ed
space target is attained.

The conduct of space missions using electric
propulsion requires the development of systems
capable of generating large amounts of elec-
trieal power in small, lightweight, long-life
packages. Batteries and the solar cells that
have been used so effectively to supply the
auxiliary power requirements of our satellite
experiments to date are far too heavy for this
electric-propulsion  application. Solar-collee-
tor systems would also be too heavy. Only
nuclear-reactor energy sources combined with
turbogenerator or static systems that convert
the heat energy of the reactor to electrical
power output offer the potential performance
required. However, even these nuclear systems
require that extensive research work be con-
ducted before systems can be developed that are
capable of performing the long-range space
missions for which nuclear energy is desired.

The potential performance of nuclear-electric
rockets is demonstrated by the results of the
mission caleulation shown in figure 10. We
have assumed that nuclear-electric power-gen-
erating systems having powers of 1 and 10
electrical megawatts (1000 and 10,000 ekw)
with specific powerplant weights of 10 and 1
pound of engine weight per electrieal kilowatt,
respectively, are used to propel space vehicles
electrically from an Earth orbit to a eapture
at the planet Saturn.  In this ease, the elec

-9
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trically propelled spacecraft is considered to be
placed in an Earth orbit by the Saturn vehicle.
The total weight-delivered to the planet Saturn
is the same for the two powerplants; however,
the flight time is considerably reduced with the
high-power, low-specific-weight system because
of the higher thrust and the higher initial ac-
celeration possible with this system. Approxi-
mately two-thirds of the orbital spacecraft
weight, or 30,000 pounds, can be delivered to
Saturn. Of this total weight, 10,000 pounds is
taken up by the weight of the electric-propul-
sion system. It is important to recognize, how-
ever, that for such distant missions a portion
(and possibly a large portion) of this power-
plant weight is useful payload, in that it can be
used to provide the electrie power-to collect and
transmit necessary data back to the Earth in
addition to providing propulsive power.

The technology used in this analysis is well
beyond our present capability. Indeed, at this
time, we are not at all sure that we can achieve
the specific weights of 10 and 1 pound of engine
per electrical kilowatt that were assumed in
this analysis. It is for this reason that we are
starting our electric-propulsion program closer
to available techuology and, at the same time,
conducting the necessary fundamental and ap-
plied research work required to permit the
design and the development of high-puwer
systems.  Our first nuclear-electrical power-
generating system development suitable for
electric propulsion is therefore our 30- to 60-
kilowatt SNAP-8 progeam.  This program is
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being supported jointly by the NASA and the
AEC. " As is the case for the Rover program,
the AEC is responsible for the development of
the reactor and reactor controls, while the
NASA is responsible for the development of
all of the nonnuclear portions of the system and
for the integration of the reactor and the non-
nuclear components into an operational and
reliable electric-power-generating system capa-
ble of meeting all of the NASA\ requirements.

A schematie drawing of the SNADP-8 system
is shown in figure 11.  In this system, an alloy
of sodium and potassium generally referred to
as NaK is heated to approximately 1300° or
1330° F in a compact nuclear reactor. The
reactor in this system is only 135 inches in diam-
eter. The heated NaK is then passed through
a boiler, where its heat boils the mercury work-
ing fluid in the secondary loop. The mercury
vapor then drives the turbine much as steam
drives the turbines in our ground electric-power
plants.  On the same shaft as the turbine are
the generator, which generates the electrie
power output, and the pump that forces the
mereury to flow through the boiler and around
the secondary loop.  Part of the electric power
produced by the generator is supplied to a small
electric motor that drives the sodium-potiassinm
pump: the remaining electric power will be
supplied to the electrieal thrust accelerator
(e, to an ion engine) and to any commurica-
tion system that iz required. A fter leaving the
turbine, the mercury working flutd  passes
throngh a condensing radiator where it is con.
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densed back to a liquid so that it may start the
cycle over again.  In this SN AP-8 system, the
radintor will have an area of approximately
500 square feet at the 60-kilowatt power rating.
“The radiator will be so large that it will have
to be folded up to be packaged into the nose-

" cone of our vehicles; and then, when it is in
~orbit, it will be erccted, giving a flat, two-sided _

radiator contiguration. The specific weight of
this system will be 50 pounds per electrical
kilowatt, wmuch higher than the 1- to 10-pound
values mentioned earlier.

Most of the components of this system are
now under test. The reactor used in this pro-
gram uses the technology that is being devel-
oped for the AEC in the SNAP-2 program.
Data are now being obtained on the fuel
elements that will be required to provide the
higher power output of this SNAP-8 system.

sxperimental work is in process on the boiler,
the generator, the turbine, and the pumps of
this system. A sample pump test loop is shown
in figure 12. The sodium-potassium pump is

261449 .
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driven by an electric motor, as is the caze in the
final SNAP-3 system.  The valve, tlie purifi-
cation svstem. and the expansion tank that are
required to operate lignid-metal flow com-
ponents successfully are shown. Becanse the
SNADP-N system must eventually be capable of
operating continuously and unattended in
space for at least a year and as long beyond
that as possible, many long-duration tests in
“such test loops will be required to epsure that

each component is highly reliable before it is
combined with the other components of the sys-
tem in the conduct of the necessary full system
development tests,
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Although the SNAP-8 system is low in
power compared with the powers that will
ultimately be required and is high in specific
weight compared with what has been shown
on the Saturn mission chart, it will have
some interesting electric-propulsion capability.
Figure 13 shows the payload that can be de-
livered by a spacecraft propelled by a SNAP-8
jon-propulsion system on a mission flying by
Jupiter. In this case, the SNAP-8 spacecraft
is launched by the Saturn vehicle. This anal-
ysis shows the variation of the payload with
the flight time required to arrive at the planet
Jupiter for specific-impulse values of the elec-
trical system between 3200 and 7200 seconds.
These values of payload are very respectable
calues and indicate that propulsion for such a
Jupiter mission may be available in this decade.

1 indicated earlier, however, that we want
ultimately to develop systems of much higher
power (I mentioned 1 and 10 electrical mega-
watts) with much lower specific engine weights
than are possible with the SNAP-8 technology.
In order to achieve such low specific weights,
it is necessary that we develop systems that will
operate at much higher temperatures than the
SNAP-S system. Only by going to higher
temperatures can we keep the size of the radi-
ator sufliciently small to permit the attainment
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of low weight. Mevcury is unsuitable for high-
temperature operation, just as water is un-
suitable for operation at the temperatures of
the SNAP-8 system. It boils at too low a
temperature when operating at reasonable
pressures. Other working fluids are required.
__Although high pressures are possible, they re-
“quire heavy piping throughout the system and
in general increase the weight, the complexity,
and the structural requirements of the system.
It is therefore necessary that we use high-
boiling-point liquid metals such as rubidium,
potassium, or sodium in our advanced systems.
It is possible to boil such metals and use them
“as working fluids in turbogenerator systems.
Some of the problems that we face in the
development of these systems are associated
with the corrosion of the piping that oceurs
with these fluids at high temperatures. The re-
sults of a simple test in which mercury was
boiled in a test capsule are shown in figure 14.
This capsule was made of a material called
Haynes Stellite 25, which is a stainless-steel
alloy using high cobalt and low nickel content;
You can see the corrosion of the capsule ma-
terial that resulted in the region of the boiling
interface. This test was run for only 1000
hours at a boiling temperature of 1100° F. Ma-
terials must he developed to permit the success-
ful operation of these system$ at the tempera-
tures of interest for the many thousands of
hours (over 10,000 hr) that are required.
As was pointed out earlier by Mr. Ames, an-
other problem that we face is the strong possi-

CORNROSION OF HAYNES STELLITE-25

S 1000 HOURS
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bility that meteoroids in space will puncture
the large, football-field-size radiator. Mr. Ames
has indicated our ground laboratory work to
help us understand this problem. In addition
to those laboratory tests, space-flight tests are
required. Qur first space experiment aimed at

evalustil [ the penetration of structural mate-~

rial by ncivoroids is shown in figure 15, This
experiment is the result of work of the Langley,
Lewis, and Goddard Centers. The experiment
will be lannched in the near future on a Scout
vehicle. In one section of the payload, we have
gas-pressurized cans, which are so instrumented
as to indicate the occurrence of a pentration.
In another one, a break in metallic foil will in-
dicate a puncture: and in the lower set of
instrumentation, the oceurrence of a tear in a
wire that is wound on a strip of plastic will
indicate & puncture. Much more data are re-
quired on this phenomenon. Plans are now
being generated for other such space experi-
ments in which the surface area sampled iz eon-
siderably larger and is more vepresentative of
the conditions that will exist in our electric-
power-generating system.

In addition to these problems, we also must
face the unknown effects of zerogravity on the
boiling and condensing of fluids. We lave
learned to understand these physical conditions
here on Earth where gravity plays an impor-
tant part. We do not know what the differences
will be in space. Space rocket experiments are
now being conducted to determine the etfects
of zerogravity on the hydrogen in hydrogen

MICROMETEOROID SATELLITE (S-55)
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tanks, and plans are being made 1o evaluate the
effects on boiling and condensing of liquid
metals. The limited amount of data obtained
to date in short-duration zerogravity aircraft
flights have been informative, but our informa-
tion is not adequate for design purposes.
Much remains to be done in the development
of these nuclear-electrie-propulsion systems.
““The practical feasibility of these systems is yet
to be demonstrated. Flight tests will be re-
quired for such feasibility demonstrations be-
cause of the important effects of the space en-
vironment on the satisfactory operation of the
systeni. .
In conclusion, I must repeat that nuclear sys-
tems are required to perform long-range space
missions requiring high payloads. They will

provide us with n capability to travel freely in
space. Only nuclear energy offers us such a
long-term usefulness. T believe that the nuclear
rocket will find a solid place in our space pro-
gram during this decade because of its ability
to perform extensive lunar and planetary mis-
sions. Our program is so divected.  Although
early electric-propulsion systems will be de-
veloped and may be used during this decade, the
high-power systems discussed will probably not
be available or, for that ‘matter, required until
after 1970 to perform missions to the planets
beyond Mars and Venus. Nuclear-energy pro-
pulsion. for space missions must be urgently
deveioped as an important part of our national
space program.
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8. LAUNCH-VEHICLE PROGRAMS - _

- NASA SPACE FLIGHT PROGRAMS

by WERNHER voN BraUN®

As you all know so well, thanks to Alan Shep-
ard’s flight into space the other day, the United
States is now back in the solar ball park. We

-.may not be leading the league, but at least we’re

out of the cellar. We have the players and the
coaches. And in today’s crucial interplanetary
series, the next thing we need is to put an Amer-
ican around the Earth, hit a two-bagger to the
Moon, and then make a home run around
Mars.

Even today, a lot of people still ask me, “Why
do you want to go to the Moon?” 1 like to re-
mind them of what Dr. Edward Teller once
said: One of the main things that Christopher
Columbus hoped to do was to improve trade
relations with Chiria. He didn’t succeed—even
to this day—but look at the byproducts.

Let me say at. the outset that this country has
nothing to be ashamed of in comparison with
the Soviets in space exploration to date. This
comparison may have been valid 3 years ago,
but today we have orbited many more scien-

. tific satellites than they; and from them we

have gleaned a great deal more new scientific
information from the universe than anyone
else.

The area where we are obviously behind is in
the field of big boosters, the big push. That is
the bottleneck. That's why T should like to talk
with you about our efforts in big-booster de-
velopment. [ shall discuss three in particular:
Centaur, Saturn, and Nova.

But, before I go into that, let me say that
we're all highly gratified, of course, at Alan
Shepard’s successful and historic voyage aboard
the Mercury-Redstone rocket. But to achieve
this we had to fall back on that old reliable Red-

— .
*Director, George °, Marshall Space Flight Center, Natlonal
Aeronautios and Space Administration
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stone rocket (fig. 1). The Redstone, taking
off on the left, was first developed as a weapon.
It has never yet been fired in anger. But when
we got into trouble (and maybe angry) becaunse
the Russians beat us up there with the Sputniks,
we had to call on the Redstore to put the first
American Earth satellites into orbit. In the
middle is the Jupiter C, which lofted Explorer
satellites I, III, and IV. Then after Yuri
Gagarin's orbit—in an effort to stay in the man-
in-space race—we again relied on that old re-
liable Redstone to boost our first American into
space. You see it on the right with the space
capsule on top. Following the Mercury-Red-
stone will be the Mercury-Atlas, which will
place an American in orbit later this year.
Already, mankind as a whole ean be proud
of these first physical dents into the cosmos,
And man ean look forward with the fullest
confidence to many more space feats that will
not only enrich his store of knowledge, but
without question will help him to live happier




and longer, and maybe even teach him how to
behave a little better,

Well, as to How and When, to put it simply,
the lmted States now has a whole stable full
of other good rockets to do the ]ob with; and
from all mdlc (tions we're how going to acceler-
ate our most vital space- mplm ation programs

I should like to talk with you about three big
space- e\plomtion vehicles.

First is the Centaur (fig. 2). The Centaur is
being developed as the first high-energy space
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vehicle. It is the first step forward in advanced
liquid prope]].mm. With the Centaur, we hope
to open the entire inner solar system to peace-
ful research. It is a two-stage rocket with a
modified Atlas for a first stage. Three main
rocket engines in this stage generate 360,000
pounds of thrust. The second-stage Centaur is
powered by two hydrogen-oxygen engines of
15,000 pounds thrust each.

The Centaur is scheduled to begin flight tests
soon. Tt will be used to launch interplanetary
probes that are planned for next year, and for
soft landings on the Moon in 1963.

Here in the service strueture is the fully as-
sembled Centaur {fig. 3). It stands 105 feet
high and is 10 feet in diameter.  Both stages are
built of thin-gage, lightweight stainless steel.
Fach stage is free of intermal framework and
is pressurized to maintain its shape.

The Centaur second stage is shown in figure
4 in the Convair Astronantics factory in San

" _and timetables rapidly and forcefully. Today.

Ficure 3
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FIGURE 4

Diego. Inthe background you can =ce the Atlas
booster.

The high-energy hydrogen engines of the
Centanr second stage, shown with covers on
here, are under development by Pratt & Whit-
ney of United Aireraft at West Palm Beach,
Florida.
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FIGURE

Because liquid hydrogen offers a maximnm
amount of energy per pound, it becones possible
to lift payloads with a two-stage vehicle that
would require three or more stages using more
conventional fuels. Centaur’s hydrogen-oxygen
engines will produce 40 percent greater per-
formance than today’s rocket engines that burn
kerosene-type fuels.

Joining the second stage to the first is more
than just bolting a couple of tanks together. In
figure 5 you see the complexity involved in
hooking together the many electronic, hy-
draulic, and pneumatic connections that make
the whole bird come alive. The hooking-up
operation on the ground isn't so bad. The hard

part comes when, way out there in space, you

have to yank everything apart in a split second
with explozive bolts.

Here is a beautiful picture again=t red velvet

of a hydrogen engine (fig. 6}, This ix the way

it is supposed to look, before and after tests.
This is research, This is the way we learn.

In figure 7 you see two engines following what

I would call an unsuccessful test.  If you look
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hard, over on the right you can see which engine
eame off second best.  But in exploring the un-
known, you naturally can’t always prediet whea
will happen.  Neither, in a reseavch and de-
velopment program, can yon always stiek 1o
schedules: beeause when an aceident like thix
one hits you, you ean’t run another test the neat
day.
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And now for Saturn. Thanks to a little  are eight tanks 70 inches in dinmeter surround-
clever faking—and with the cooperation of the  ing one tank in the middle of the cluster that is
good people of Tulsa—we see the Saturn deep- 105 inches in dimmeter,  FFour of the outer tanks,
space rocket right in the middle of Boston  and the middle tank, hold liquid oxygen. The
Avenue here in your fair city (not shown). . remaining carry the kerosene,

This picture was made, looking north, from just “You ecan't see them all here, but the hooster
- about in front of your Chamber of (‘ommurc(-, hus eight Rocketdyne keroxene-oxygen engines,

_the cosponsor of this space conference. each- of \\hich develop< 158,000 pounds of
“This particulat Saturn stands about-18 stories. ~~4lu'u~,t

high. Back in the rear 1 see the 20-story First The Saturn ey a fourfold Junmp i~
National Bank Building. The Saturn rocket  thrust power, from the 360,000-pound-thrust
not only compares in size with the bank, but 1 Atlas to the lLi-miliion-pound-thrust Saturn.
suspect a financial comparison might also be  This is equal to the excrgy developed by almost
made. all of the 165,000 antomobiles in Tulsa County.
With the help of private industry and uni- This particular first stage will be used to boost

versities around the country, the Saturn space the first two versions of the Saturn rocket now
carrier vehicle is under development by the  underconsideration intospace.

VASA George C. Marshall Space Flight Center For our pur pose\ w call the three versions of
at Huntsville, Alabama. Saturn C-1, (-2, and C-3. :

Several versions of the Saturn are being con- Here is the second stage of the first, or C-1,
sidered. Even the smallest is the world’s largest version of Saturn (fig. 9). This stage will be
known rocket. powered by six hydrogen-oxygen engines, each

Here is a cutaway of the Saturn booster show-  developing 15,000 pounds of thrust. It is some

ing the fuel and oxygen tanks (fig. 8). - There 17 feet in diameter and about 40 feet tall. This
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stage is now under development by Douglas
Aireraft Company of Santa Monica. Cali-
fornia. It will also serve as the third stage of
the second, or (-2, Saturn rocket.

A new development in lignid-rocket engines
is under way to power this, the number two
stage, of the second, or ("-2, Saturn vehicle (fig.
10). Four new hydrogen engines, each devel-
oping 200,000 pounds of thrust, will be combined
to,give this stage a total of 800,000 pounds of
thrust. This new engine will be a really big
step in the development of hydrogen engines
from 15000 to 200,000 pounds of thrust. The
big hydrogen engine is under development by
Rocketdyne. .

Here at a glance you can get a good look at
the three Saturns (fig. 11). The first version,
on the left, can put 10 tons of payload into low
Earth orbit. It is also designed to put three
men into orbit around the Farth. The first
launching of the Saturn C-1, without « payload,
is scheduled for later this year. With payload,
it stands about 180 feet tall. It weighs about
a0 tons at liftoff.
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The second Saturn, in the middle, will be
about 209 feet high. It will have three stages
and will be capable of orbiting manned or un-
manned payloads of more than 22 tons around
the Earth, soft-landing a 11%4-ton payload on
the Moon and bringing it back to Earth, or
putting instruments on Mars or Venus.

The third Saturn hown here is a rather rad-
ical departure over the other versions, in that
the booster will be powered by two huge new
keresene encrizes ovek of which develop 1.5 mil-
lion pounds of thrust.  This Saturn booster,
then, will be twice as powerful, with 3 million
pounds thrust, as the earlier version. The sec-
ond stage will have the same four Rocketdyne
200,000-pound hydrogen engines, and the third
will have the six Pratt & Whitney hydrogen
engines with 15,000 pounds of thrust each. It
can put almost 50 tous into Earth orbit, or fly
a multiple crew around the Moon, or send 12
tons on a one-way trip to Mars.

Ten launchings of research and development
vehicles are scheduled in the current Saturn
program. The first three vehicles will be com-
po=ed of a live booster and inert upper stages.
On later launchings we will add live stages.
Following the tenth Inunching in 1964, the Sat-
urn (-1 rocket is expected to be operational.

We expect the Saturn deep-space rocket to he
the major rocket for U= space exploration for
a number of years. It is the first large rocket
to be developed in the United States for scien-
titie peaceful research.

Figure 12 shows where the Saturn will go
when it takes leave from Cape Canaveral. You

e it =
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see the Earth and the various trajectories of .

Saturns going out on various peaceful space
missions.  Most people seem to think that orbi-
tal satellite operations take place at vast dis-
tances from the Earth.  Actually, as you can see
here in the scale drawing, these operations take
place relatively close to Earth.

FicUre 13

The first separation, as we see in figure 13,
is when the booster separates from the remain-
ing stage and Apollo capsule. The Apollo is
not only an extension of the Mercury man-in-
space program, it has other eapabilities. For
instance, men ean use it to observe the surface
and environment of the Moon before a manned
tanding takes place. The Apollo is also suffi-
ciently flexible to serve as a manned orbiting
laboratory---a laboratory where man ean per-
form useful space researeh in a low Earth orbit.
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This orbiting laboratory is a necessary step
leading toward a permanent manned space sta-
tion. This will be the main application of the
Saturn rocket, man into space.

In fignre 14 we see in simplified form how
the Saturn is guided. The basic conponents of
the package are the guidance computer, the
control computer, and the stabilized platform.
On the cight-engine booster the four outer en-
gines swivel as much as 10° to keep the rocket
on course. Al six engines in the second stage
swivel,or gimbal as we call it. )

Figure 15 shows a promising plan to recover
Saturn boosters and thus save a lot of money.
Rockets are usually considered expendable;
but, by using this unique Rogallo kite, called
a paraglider, we think we can return boosters
and some upper stages to land and fly them
again. Recovery would also let us nmake a close

e e — e,
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-~ inspection of the intricate systems and see

. whether our 1000 channels of telemetry are tell-
ing us the truth about the information they
send back from a flight.

After launching from the Cape, it could be
landed either at the Grand Bahama Island or
back at the Cape. The paraglider would ac-
tually be guided down from the ground, as you
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through a nozzle, yielding about twice the pro-
pellant economy you get with a hydrogen-oxy-
gen engine. With this more eflicient engine,
smaller quantities of propellants will be needed.
thus making our payloads a lot bigger. The
NASA Centers are making a number of studies
in this area. Also, NASA and the Atomic

" Energy Commission jointly are pushing for-

ward the pace of the Rover development, as the

see here. through the Saturn’s guidance system.
Lines attaching the kite to the booster can be
pulled in or let out to adjust the kite as it s
approaches the landing strip. '

The special barge (fig. 16) was built because
it'sabout the only way. at present, anyway, that
we can get the Saturn hooster from the Mar-
shall Center to Cape Canaveral. It's a 2200-
mile trip by river, the Gulf of Mexico, and the o
Atlantic Ocean. The skipper of this unusual
craft describes the barge as a cross between a
mine sweeper, a garbage scow, and a blimp
hangar. oy

Moving the upper stages of Saturn by air ‘
is a possibility. A rather startling proposal
by Douglas Aireraft has been made to ecarry
the Saturn second stage on top of an aircraft
in piggyback fashion, as shown in figure 17.
We're looking into this scheme, as well as the
possibility of transporting stages by dirigibles
and gliders. The idea is to save time and thus
speed up schedules,

Saturn is shown with a nuelear upper stage
in figure 13, In this concept of a nuelear
rocket, hydrogen is heated by passing it
througly a nuelear reactor and then exhansted
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nuclear-rocket reactor program is called. We
should fly our tirst prototype nuclear rocket by
1965,

As we approach manned space travel involv-
ing several men (and women, eventually, of
course), we must pat up much bigger pay-
loads. ‘To put these bigger payloads up takes
thrust.  Here is a dramatic example (g, 19).

~=-The ~=mall - liquid . engine creates 158,000

pounds of thrust. Eight of these make up the

Saturn first stage, which produces, as you now
know, 1.5 million pounds.  Then, at one stroke,
comes a single engine that produces the same
thrust, 1.5 million pounds, that the whole Sat-
urn engine cluster produces.  Both are kero-
sene engines. Two of these big engines also

To express myself in more familiae terms.
this big rocket engine produces  33.000,000
horsepower, compared with these two diesel lo-
comotive units at the left, which together pro-
duce only about 4000 horsepower. Now, by
elustering a bareh of these big engines we can
really achieve power.

And here iz where we will need it.  Figure
20 depicts the Nova space-vehicle concept. By
clustering the Saturn C-3 boosters, those first
stages with the two L3-million-pound single-
chamber engines on the left, we come up with
the clustered Nova vehicle in the center. For
very high speed it would be advantageous to
increase the propellant capacity of the top
stage.  Thus, Nova would offer us an escape
payload of up to 70 tons, '
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" power the first stage of the Satwrn (-3 men-
_tioned earlier.

FIGURE 20

With Nova. we could land a lacomotive on
the Moon if any one wanted one there.  What
is more important. this Nova space rocket can
put a spacecraft like the one on the right with
three men on the Moon and veturn them to
Earth, and at the same time leave 20 tous of
supplies and equipment to support a manned
hunar station.  With a nuclear third stage, it
could go into orbit around Mar= and return to
Earth later on. Nova veliicles of this class give
us the most direct approacls to manned plane-
tary and hinar exploration. The hooster will
Le a cluster of eight of the La-million-pound
single-chamber kerozene engines, developing 12
million pounds of thrust. For the second
stage. we have two options,  We ean either use
a moditied C=3 booster, powered with two F-1
kerosene engines, or power thix stage with eight
200.000-pound-thrust hydrogen engines devel-
oping a total thrust of 1.6 million pounds,  In
either ease the third stage would have two of
these same 200,000-pound-thrust engines,

Today. we know that the people, the Presi-
dent, and the Congress of the United States
are behind onr peaceful space-exploration pro-
grams.  This support is most gratifying.

As you know, space exploration is not exaetly
inexpensive. But T assure you that all of us
are very keenly aware of our responsibilit ies in
this area, and we are using every penny as
wizely and eavefully as possible. There is no
cheap shorteut available that will let us leap-
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frog ahead. It will take a lot of hard work
and dedication.

But regardless of who pierces—first and
best—the blanket of mystery that has veiled the
scerets of outer space since the beginning of
mankind, all will benefit. With the wise and
steady effort now under way: man will soon be
- operating world-wide radio and television com-

“ munications systems (thus relieving some of the

present crowded channels). He will enjoy,
through TIROS and NIMBUS satellites,
world-wide weather-prediction services. This
will be a particular boon to backward countries,
farmers, shippers, and the aviation industry.
Navigation will continue to improve greatly
through the use of navigation satellites. Geod-
esy, the mapping of precise points and positions
of the Earth, will be well served. And for the
first time we will have a decent map of the
whole world.

But the most important benefit we will derive
from space exploration is, simply, knowledge—
new knowledge, the satisfying of plain old
curiosity—which is the most exciting thing in
the world. Some say curiosity killed the cat,
but it is today delivering mankind to a truer
understanding of the universe.

Man hasn't yet reached the Moon, or Mars, or
Venus. But each satellite and space probe and
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each manned flight is enhancing our knowledge
of the environment awaiting us on forthcoming
voyages. Some of this information is reassur-
ing, some if it is disquieting. A1l of it increases
our profound respect for that which prevails
beyond the thin layer of our atmosphere. .

1 believe the challenge facing all of us.is so
immense that it will require the courage and

_confidence that can come only from knowledge

and  understanding. Challenges, however
mighty, are not new to us. It is in the Ameri-
can tradition to accept challenges. The men
who opened this continent and explored what is
now the state of Oklahoma had the kind of
spirit that transformed a virgin wilderness into
the most complex social and economic structure
that has ever existed on Earth. This was ac-
complished by the same kind of courageous and
free men who will conquer outer space.

As the Roman philosopher Seneca said 2000
years ago, “There is no easy road to the stars.™

If you figure it like the Soviets, we are now
in the fourth year of the Space Age. Where
will we be in the fifth year? Or the tenth?

With the continued support of the people and
institutions of this country, I finnly believe that
we of the Western World can and will get to
precisely the place where we belong, and that
place is squarely in the forefront of this, the
greatest adventure in the history of mankind.
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OPPORTUNITIES FOR INDUSTRY AND EDUCATION IN

ADDRESS

... THE SPACE AGE

by Sexator RouertT 8, KERR®

This is a historic meeting and a momentous
oceasion. It is a high honor to be called upon
to lead a discussion of this kind. Candor com-
pels that 1 confess that I am already as aware
of my lack of scientific knowledge as you will
be after I have spoken. And yet as new dis-
coveries puss in review before our eyes in end-
less array, we realize that the least among us
has learned but little, and the best informed has
at least a lot to learn.

It is reassuring to me, and probably even more
reassuring to you, that 2 panel of distinguished
men of great knowled:e Lins been azzembled
here to join in this discussion. Their presence
spurred me to check i nforniion very
thoroughly. This chesking was absolutely
necessary in any event because many of the facts
and figures dealing with space-age prospects are
so fantastic that I would not otherwise feel jus-
titied in relaying them toyou.

Tulsa was the natural choice for the site of
the First National Conference on the Peaceful
Uses of Space. Certainly it is an ideal place
for us to speak of the nationwide opportunities
for industry and education in the Space Age.

Oklahoma has a remarkable record in the de-
velopment of her natural resources. Tulsa is
the oil capital of the world, although just 50
years ago Tulsa was hardly more than a cow
town on the prairie.

The countdown of favorable elements for
industry here was made with aceuracy and pre-
cision a few years ago by a great industrialist at
the dedication of a new chemical plant at Mus-
kogee. Muskogee, as most of you know, is one

of many fine cities in the valley of the Arkansas

*Chalrman, Committee an Aeronantical and Space Sciences,
United Ntates Senate,
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River. A\ colossal transformation in  the
economy of this valley looms just ahead. Be-
fore 1970, according to a timetable that has our
prayerful support as well as the full endorse-
ment of the Government agewncies involved, the
Arkansas River and its tributary, the Verdigris,
will be navigable to the surburbs of Tulsa. But
even now, as it wasstated at the Muskogee plant
dedication, all the factors needed for vast in-
dustrial expansion are at hand.  He «aid the
factory had been located in Oklahoma hecause
of the abundance of (1) fresh water, (2) low-
cost electrieal power, (3) unlimited energy fuel,
(1) the high-quality labor force, (3) the finest
climate, and (6) one of the best recreational
aveas inthe nation.

That plant, designed to produce new fuel for
use in ferospace projects, is typical of the de-
centralization and expansion of key industries
we can expect in the coming years of space tech-
nology. This will not be an entirely new field
for many Oklnhomans, for in 1961, the ex-
penditures of the Oklahoma aviation industry,
including the outlays at several key military
installations across the state, exceeded 336 mil-
lion dollars.

It is the responsibility of the Senate and
_House Space Committees to review and help
direet, through legislation, many of the civilian
space activities of our Nation. Our studies in
the past few months have given us great con-
fidence that in its overall space program this
nation leads the world. Certainly the recent
flight from Cape Canaveral of Commander
Alan Shepard brought home dramatically, not
ouly to members of the Committee but to people
throtughout the world, the vitality of this etfort.
We must recognize, however. that a great deal
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of negative thinking stil exists. There are
those who judge our space effort in the light
of their aversion to spending public and private
funds to find and explore new frontiers-because
they cannot see an immediate profit. The fore-
bearers of these negative thinkers probably
were among the advisers to Queen Isabella and
presented the same arguments against under-
writing the equally unpredictable voyages of
exploration and discovery by Christopher
Columbus.

As was pointed out by Patrick Henry, there
is no way of judging the future but by the past.
The world changes and it changes at an ever
more rapid rate. Discoveries made by the
space researchers may have more significance
to our future economy than any other single
factor. When Michael Faraday showed Prime
Minister Gladstone his new electrical generator,
Gladstone asked, “Of what use is it 77 Farraday
replied, “Some day you may tax it.”

Faraday had a sharp eye for the future, and
there are many among us with equal vision.
This country is not only indebted to Dr. Werh-
ner von Braun and his group of German scien-
tists for the decisive part they have played in
developing our system of rocket weapons, it is
also indebted to him and other men of great
skill and imagination for theiv spirit and daring
vision in assessing the space-exploration pro-

_gram’s_ role in our total national effort. Dr.
von Braun put it like this:

“Qur entire civilization and particularly our
economy depend vitally upon the continual dis-
coveries we make. If we do not discover new
things, then we cannot develop new markets
and new needs, and our industry soon would
be unable to employ all the many people it
does.  We have-to keep stoking the machinery
of our economy with new. inventions if we do
not want to run head on into a depression.”

Economists tell us that the rate of growth of
our economy depends to a large extent upon
the investments made in new processes and in
new product mannfacture. The Department
of Commerce reports that, although no exaet
statistics are available, the causes of the great
complexity are our new-product practices, At
least a tenth of the goods comprising our gross
national product this year represents new de-
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signs, model changeovers, or recent evolutionary
changes resultingr, from research and develop-
ment. Research and development activities in
the United States this year will exceed 13 bil-
lion dollars, of which approximately 8 billion
will be financed by the people through our Fed-
eral Government.” The remainder is bleing

_.sponsored by private enterprise.

Twenty years ngo the total outlay for re-
search and development in this country was less
than one billion dollars. Private concerns that
have invested heavily in both basic research
and the development of new products have
shown the fastest growth in-the past 20 years.
Several surveys have shown that companies
founded more than a generation ago have, to
an overwhelming extent, made drastic changes
in their production techniques and in their
products. In fact, most of our largest com-
panies that were in existence 50 years ago are
now making money by selling services or goods
then unknown. This Nation’s economy was
built on the philosophy of the better mouse-
trap. though gadgetry has given way to more
sophisticated products and techniques achieved
through science and technology.

This conference can be the launching pad
for exploratory takeofls into vast realms of
new discovery. Frontiers heretofore un-
dreamed of beckon us—frontiers of scientific
exploration, medical research, industrial expan-
sion, educational growth, and opportunities for
world leadership.. This meeting will help us
reduce these challenges to immediate and local
application, for in this andience today are many
frontiersmen. Many of you have the oppor-
tunity to participate in a phenomenal era for
our own educational institutions and industrial
units now in existence and yet to be born—to
participate in the expansion and development
of these frontiers.

As a basis for dizeussion by our panelists,
let me read quickly some of the signposts which
are readily discernible. even though our roads
may lead to yvet unexplored areas,

Mauy companies saw these signposts years
ago and have since traveled to the point that
their entire etfort ix devoted to space or space-
related products and services. Likewise, many
of our educational institutions heard the knock



of opportunity before it became the clarion it
is today. These statements underline the im-
portance of this meeting, which I consider of
greatest importance in the era of discovery
this nation has embarked upon. The United
States and all other free nations of the world

-have -grown..and -prospered as_the result_of

imaginative thinking by ecitizens in all walks
of life, citizens concerned with national defense
and national prosperity and. well-being; re-
sponsible, energetic. and open-minded, and
beneficiaries of democratic institutions that en-
courage enterprise and effort in many diverse
fields. It is in this spirit that this conference
was called, for free exchange of ideas is a pre-
cious asset deserving fullest use.

We know that the development of space pro-
grams is vitally important for national defense.
We must never be unmindful of the tremendous
military implications. A few weeks ago the
Secretary of the Air Force, Mr. Eugene M.
Zuckert, warned, “Experience tells us we can-
not count on Communist exploitation of space
for peaceful purposes. America and her allies
have no choice but to extend our influence into
space to the end that no nation shall be dis-
franchised in space . . . the nation that dom-
inates space can dominate the Earth.”

But we see greater challenges to explore and
utilize space for peaceful purposes. 1 am con-
vinced that the nation that leads in exploring
and using space for peaceful uses can best build,
improve, and inhstit the Earth; and, under
God, dedicate it To man’s highest purposes.

Although the most dramatic. events associ-
ated with the peaceful uses of space technology
may be occurring at Cape Canaveral or else-
where, we do not need to look beyond the bor-
ders of Oklahoma to see clearly that this new
age of discovery will soon bring significant
changes in our lives and our ways of making
a living. We already have heard here today
the details of the weather-forecasting prospects.
What a boon it will be when our forecasters
can give Oklahoma farmers who produce wheat
and cotton awd peanuts and pasture more cer-

tain advice concerning the harvesting of their.

crops!  What help it will be in planning for
the most useful application of labor at planting
time! And what a pleasure it will be to know
accurately when goad fishing, or golting, or

foothall weather is in the ofting: to have an
accurate weather forecast for the planning of
recreation, for the designation of time for rest
and relaxation, as well as for labor.

Another sigmpost held before us today can
be labeled with one word: Communications.

_The revolution in communications that is in-

evitable as the result of our space sciences has
come as a surprise to the vast majority of us.
Few, if any of us, foresaw the practical use of
wenther-forecasting  satellites. The develop-
ment of reconnaissance satellites, which prom-
ise to become a shield against aggression,
likewise have come along without advance
notice. Better communications around the
world resulting from the new satellite pro-
grams now under way will, in time, affect all
of us. Who would have believed, 50 years ago,
that the radio would hecome such a common-
place tool and convenience? Yet we now take
it for granted that a taxi can be summoned,
or a delivery truck dispatched. by shooting in-
formation via the ether from one set of vacuum
tubes to another.

Population pressure alone will put great
strain on our communication systems in com-
ing vears. In fact, all of the industrial aspects
of space technology will be atfected during the
next decade by population growth.  This coun-
try will be adding an average of 314 million
people aunnually and 114 million people to its
lnbor force each year during the 60%s. Sup-
porting the new commerce will require an aver-
age increase of nearly 2 percent in the gross
national product annually, but if we are to im-
prove our standard of living at the rate
achieved in the past. the gross national product
must be stepped up at least 315 percent a year.

The use of electronics in our everyday lives
is exemplified by the farm tractors that traverse
the fields of Oklahoma equipped with a loud-
speaker for the entertainment and information
of the driver. This illustrates a vital new in-
dustry. Some of the fastest-growing com-
panies in Oklahoma are  those engared in
electronics.  This type of manufacture tends
to prosper where there are men of specialized
knowledge.  Oklahoma’s aviation and oil in-
dustries have been closely nssociated with this
technology. A recent survey by the Oklahoma
Department of Commerce and Industry shows
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that this state has 29 plants manufacturing
electronic equipment. The U.S. Department
of Commerce has estimated that this industry
will have five times this much output in Okla-
homa by 1970. 1 wish I had the time to tell
you, in detail, about some of the work being

* done by these plants.  Right here in Tulsa are

located the headquarters of several firms that

= have played vital roles in space research proj- .

ects. They are engaged in building parts for
computers, parts for test instruments, and com-
plete training devices. Tulsa-made iustru-
ments helped send the Echo satellite on its way
around the Earth. This big balloon is still
seen as a pinpoint of light signaling the Space
Age across our night skies.

Another Tulsa firm supplied radio position-
ing equipment for the Atlantic Missile Range,
which assisted in the recovery of cur first astro-
nant, safe and sound, and will be used in the
tracking and recovery of future space cap-
sules. The crosscurrents in today’s industrial
sciences defy simple deseription. At Cape
Canaveral a few weeks ago we were shown
skyscraper-like launching structures which,
had we seen them in OQklahoma, we would have
recognized as oil derricks. - We were told, too,
that oil itself plays an ever-increasing role in
space programs. One interesting statistic in
passing: It will take an average of 17.000 bar-
rels of crude oil to produce the kerosene needed

for the launching of the first stage of the

Saturn rocket.

Instrument firms  here and  elsewhere
throughont the Southwest have a huge stake in
the computer industry. which is often de-
scribed as the heart of space-nge technology.
One eminent scientist told me the other day
that computers will become so important to our
everyday life that we may give a new name
to the Space Age in the not-too-distant future,
calling it instead the Age of the Computer.
This branch of science grows faster today than
any other, for the computer today is the basic
instrument in the aceeleration of seientifie
kuowledge. .

Oklahoma ean be extremely proud that the
electrical engineers at the State University in
Normun are now completing construetion of a
digital computer that will be one of the finest
in the world for space-age caleulations.  This
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computer already has attracted a number of
new research contracts to the University.
Since most of these originated from outside
the State, they will bring new income and
new participation in  space activities for
Oklaliomans,

One gets a grasp of the complexity of these
giant thinking machines at Tinker Air Foree

‘Base near Oklahoma City, where a compnter_

handles the inventory and shipping of parts
for the entire B-32 weapons system of the
United States Air Force.

Telephone company executives tell us they .

see an entire new area for major growth sup-
plying data-transmission facilities. Machines
are being developed that will transmit at speeds

equivalent to 3000 words a minute, for the com-

puter can gather and store information far
faster than we ordinary mortals,

Time does not permit a review of the in-
dustrial potential of the Spuce Age. One can
only cite a few isolated examples. One large
aerospace company alone placed orders for half
a million dollars worth of small parts in Okla-
homa in 1960. Sixteen different Oklahoma
concerns shared this business. This company
tells me it placed subcontructs in 47 states last
vear with 12,126 suppliers, of which 73 percent
had fewer than 54 employees. )

Having mentioned the University of Okla-
homa computer project, T would like to call
your attention also to the outstanding Space
Age activities at Oklahoma State University.

- The National Aeronautics and Space Adminis-

tration has awarded a series of research con-
tracts to the Research Foundation at Oklahoma
State. -In fourteen years of operation, the Lab-
oratory at Stillwater has taken part in approxi-
mately 150 space probes and upper-air rocket
firings. Contracts placed at this institution
during this period have totaled over S1,.500,000,

The projects at our two state universities are
but a part of the intensive programs under
way on those campus=es, and on many other
campuses over Oklihoma, to gear up for the
Space Age. They do illustrate, however, that
we need not go outside Oklahoma to find ex-
amples of what educators have done. are do-
ing, and must do more of. My father nd to
say. *By knowledie, God ereated the heaveris
and the Earth.”  Francis Bacon’s oftqioted



-a pleasure.

adage, “Knowledge is power,” was never truer
than today, and, if there are degrees of truth,
it will be even truer tomorrow.

Thus it is that we are deeply concerned with
our-learning processes, not only as they exist
in our schools and colleges, but as they ave
made available to all c¢itizens.  This conference
itself is.a phase of space-age learning. T con-
gratulate the Tulsans, the aerospace industries
and trade associations, the Frontiers of Science
Foundation, the National Aeronautics and
Space Administration, and its other sponsors
for making it possible.

The citizens of this country were rudely
awakened to an educational erisis in 1957, when
Soviet Russia lnunched Sputnik 1. Many pro-
grams have been undertaken to meet the chal-
lenge thereby dramatized. Millions of people
have gone to work on the problem.

To cite more examples.near at hand will be
Many Oklahomans had already
seen the crisis coming and organized the much-
heralded Frontiers of Science Foundation as
a unique means of meeting it. This group with
the help of educators and school patrons
throughout Oklahoma conducted a survey of
our state's educational system, with particular
emphasis on science training. Officials of the
National Science Foundation, a Federal agency.,
recently informed me that Oklahoma, as a re-
sult of this early start, has set an outstanding
record. For instance, participation of Okla-
homia teachers in National Science Foundation-
sponsored institutes was 88 percent higher than
the national average. Oklahoma's participa-
tion in the summer training program for high-
ability secondary-school students also has heen
much better than the national average, the Na-
tional Foundation tells me.

A few days fromm now, graduates will be
streaming from the campuses of our high
schools; colleges, and universities. Naturally,
mathematics and engineering majors are the
Oklahoma colleges graduates in greatest de-
mand this year. .\ national survey last week
showed that graduates with the engineering
and zecounting know-low to operate computers
have the greenest field of all this year.

At the University of Oklahoma Sehool of
Aeronautical and Space Engineering, the face-
ulty reports that 90 percent of the graduates

had aceepted jobs weeks before they began
“cramming” for their final examinations.
Most of those who hadu’t accepted employment
up to then were undecided whether to continue
their studies at the graduate level or go into
industry.

In the Space Age, education cannot and will
not be reserved for our yonth or for a rela-
tively "few ™
Adult edueation in many fields will be a prime
need. Our technology ‘l]n‘.id) has outrun our
educational resources in some areas. At the
Oklahoma State technieal school at Okmulgee,
for instance, one-fourth of the 1300 students
now enrolled are studying automobile mechan-
ics. These enterprising voung people are aware
that the United States is short an estimated
250,000 automobile mechanics.  Envollment in
electronics coises at this institution, which was
created in 1916 when I was governor, has
tripled in the past tive vears, they tell me.

Later this year a 4-million-dollar adult edu-
cation center will be opened at the University
of Oklahoma. This facility, financed 50-50
by the state and by the Kellogg Foundation.
will enable thousands of our older citizens to
develop new skills and new iuterests.  Many
of the short courses, clinies, and other sessions
at this center will bear directly upon space-
age activities. A recent congreszional survey
of the relationships of the various professions
to this new field of endeavor underlines the
importance of such centers.  This study showed
that space programs will have major signifi-
sance for the professions—for doctors, Iawyers,
architects, construction people, transportation
firms, and many other fields of endeavor.

Insofar as the development of research pro-
grams on our campuses is concerned, the em-
phasis is and will continue to be upon the
individual faculty meniber who can ill the dual
role of teacher and research leader. Currently,
the National Aeronauties and Space Adwminis-
tration alone has in etfect 175 active grants and
contracts with 60 of the nation’s colleges and
Theze contracts, totaling
than 17 million, are in addition to research
grants from the armed services and from many
privately endowed foundations and organiza-

universitios, more

tions,
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adults in speeinlized  pursuits. ..




The United States government today sup-
ports basic rescarch in some 1350 universities
and research institutions in all 50 states and 12
foreign countries. T sincerely hope that. such
programs can be extended to more of our col-
leges, not only in Oklahoma but throughout
the nation. College administrators take note:
The people charged with dispensing these funds
invariably give greatest consideration to pro-

posals .that come . unsolicited from talented

faculty groups with the ability to rectuit strong
graduate-student assistance.

One needs go no farther away than the Uni-
versity of lowa to examine a truly outstanding
story of university-sponsored research. Dr.
James Van Allen, the director of the Physics
Department there, pushed tirelessly for many
years in the field of cosmic rays, and his efforts
paid off' with the discovery of the radiation
belt that bears his name. Dr. Van Allen had
conducted upper-atmosphere experiments at the
White Sands Proving Ground in New Mexico
for four years before returning to his native
state in 1930 to head the college program. How
this man scraped and saved to get the funds
needed to finance his rockets and payloads for
high-altitude research is a separate story in
itself. Suffice to say that, after years of work,
during which he carefully trained his graduate
students and welded them into an unbeatable
team, the discovery occurred. Perhaps the
greatest stroke of genius was his forethought
in designing a satellite instrument package that
fitted both the Navy's Vanguard, which orig-
inally was to have launched this nation’s first
orbiting vehicle, and the Army’s Explorer I
design.

Dr. Van Allen's courageous curiosity keeps
him going for higher and higher observations,
first with balloons, then rockets, and now with
satellites.  All the while, he was and is train-
ing younger men to proceed with him into the
unknown, to join in that noblest of callings,
the search for knowledge. When Dr. Van
Allen started his inquiries, the obstacles were
great. Now, however, many paths have been
Iaid open to the seientist, the engineer, or the
businessman  who desires a part in this
adventure,

And adventure it will surely be. A few
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weeks ago all of us took part in an unforgetta-
ble episode of it when we shared Commander
Alan B. Shepard's hair-raising ride in the Mer-
cury-Redstone rocket capsule., We have tasted
adventure, and we savor more.

A Wushington columnist, given to clever
though sometimes profane commerts, summed
up the common fecling the other day when he
suggested that the motto on our coins be
changed to read, *Toward God We Thrust.”

“Though he probably intended to be facetious,

so far as substituting mottoes is concerned, his
remark rings true.  For, while in God we trust,
thrust we must.

The thrust is going to require a lot more
than bigger and better rockets.  More perilous
and longer flights by our astronauts will in-
evitably follow. Virtually all the human race
is involved in the race for space, or will be
profoundly influenced by it. The Good Book
says, il things come alike io aii: There is one
event to the righteous, and to the wicked.”

We can face this truth without a quiver, how-
ever, so long as we work to the best of our
abilities with heart, mind, and muscle.

In its heart, our nation is pure and true. It
stands for human dignity, for individual iree-
dom, and for peace and goodwill.

In its mind, our nation is confident and clear.
We have the brains and the know-how. We
demonstrated this clearly when we chose to
conduct our space-flight experiments without
secrecy, that all might know and benefit from
the knowledge gained by them.

We certainly have the muscle, the strength,
and the will to win. Here in this andience
there is evidenced the determination to succeed,
to adjust our labors to fit the needs of the thing
that has come alike to all mankind—the sudden
dawn of the Age of Space,

Communities, cities, states, and nations:
schools, colleges, and universities: business
firms, factories, industries, and corporations
that seek to go forward beyond what they have
already done, without new ideas and new ap-
proaches and new dedication, are doomed to
dismal disappointment,

The capsule that carried Commander Shep-
ard to glory can never soar again unless it is




powered by another rocket. The height and
distance it achieved were in direct proportion
to the power that propelled it, and it can rise
again to greater heights and go greater dis-
tances if the power is provided.

So it is with all of us who scan the opportu-

_nities to participate in the Space Age. And so
it s with our Llessed country. - We are now,
as all before us have been, space travelers on

e e B

our Farth. For onr Earth circles the Sun as
a mighty satellite hurled into everlasting orbit
by the power of an eternal Creator,

We have the God-given talents—physical,
mental, and spiritual—to power us into unlim-
ited progiess. Let us dare to do the best and

_ the most which these talents will permit. Then

~we can truly say everything will be *A-Okay,

“allthe way™ » T
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OPPORTUNITIES FOR INDUSTRY AND EDUCATION IN

e imreee ' THE SPACE AGE

1. PERSONNEL FOR THE SPACE AGE

by DoxaLp W. Dotveras, Jr.*

The Space Age is moving forward at a swift
and ever-changing pace, and it is well that we

have an occasion such as this to take a reading

on the course we are following.

It occurs to me that there is an obvious and
appropriate analogy to be drawn here. It
would go something like this: We measure the
speed of aireraft in hundreds of miles per hour,
but we measure the speed of space vehicles in
thousands of miles per hour. And I think it
would not be incorrect to say that the speed of
technological change has been stepped up at
least as much.

We are fortunate, then, to have these few
moments to contemplate this subject—if I may
use such a leisurely word—and I am pleased to
be able to participate in this session with you.

In talking of goals and directions, we might
direct our attention to such matters as propul-
sion, guidance, structures, or any one of the
many other elements that enter into our space
activity. But the element I want to talk about
is the human element—the men and women
scientists, engineers, and technicians who are
behind the hardware of the Space Age. These
are the men and women who are providing the
knowledge and the technical skills for our
country to meet one of the most exciting chal-
lenges in its history; namely, the exploration
of space.

The voyage of Columbus and the winning of
the west were great historical events, but they
did not involve the technical requirements,
costs hazards, and ultimate impact of the =pace-
pionecring effort.  If I may draw another his-
torical comparison, I think the drastic techino-
logical changes we are now experiencing may

*Prestilent, Douglan Alreraft Company, Ine,
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cause this period to be known some day as that
of the Second Industrial Revolution.

In the past few years we have begun working
in technical areas never before invaded. To
develop space systems requires new materials,
new processes, new techniques, new machinery,
and new facilities. To adjust to this technical
revolution, industry—and this is alzo true of
Jovernment—is employing constantly increas-
ing numbers of engineers, scientists, and
technicians.

Let’s take a look at this requirement.

What types of men and women are needed to
send astronauts, and later commercial pas-
sengers, on journeys into space?

Perhaps the most dramatic way to illustrate
the impact of the Space Age on our personnel
requirements is to compare industry manpower
needs today with those of a decade or so ago.
At Douglas. for example, we employ more
engineers and scientists than ever before in our
40-year history. The specialties of these men
and women cover a much broader range of sub-
jects than in the past. We hiave more personnel
with doctoral or master's degrees than ever
before. And the payroll for engineering is the
Targest in our company’s history.

During World War I, engineering and
scientific employees made up only 3 percent of
our total employment. Five years later this
force amounted to 10 percent of all employees,
With the arvival of missiles, the number of
engineers and scientists rose to 13 pereent and,
with the addition of space programs, now
amounts to 20 percent of our total employment.
In all likelihood this proportion will grow in
the next 10 years to one technieal employee 1o
every two ~|mp and elerieal employees,

Let's tnen to degreds,

Twenty years awo
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college students without formal degrees were
often hired in engineering. Today, at least
a bachelor's degree is required.  However, with
each passing day we are looking more and more
for the engineer or scientist with the ad-
vanced degree. Tomorrow the minimum
standard for the majority of engineering jobs
may well become a master’s degree.

<~ Already.it is becoming apparent that, as we
hire more engineers with advanced degrees, it
is becoming more difficult for the man with the
bachelor’s degree to compete for promotion.
The Second Industrial Revolution has left us
no alternative. We need men of knowledge,
talent and creativity to spearhead our advance
deeper into the Space Age.

* -~ Things just aren’t as simple as before.

Almost as dramatic as the rise of the engineer
and scientist has been the growing importance
of the manufacturing technician at the expense
of the assembly-line worker,

Today manufacturing is confronted with de-
mands for new steels, plastics, and exotie metals;
for new forming, casting, bending, welding,
and bonding techniques: for printed circuits
and for elean rooms, high-altitude chambers,
and other environmental test facilities. The
long production runs of ten years age, with the
need for thousands of assembly-line personnel.
have almost vanished. .Rather, the jobs are
shoit-term and much more complex and
sophisticated.

To meet these demands, management must
constantly strive to upgrade its manufacturing
personnel through training and hiring of more
highly skilled technicians.

Throughout our company, and thronghout
our industry, the challenge of this transition is
being met. Management is developing new
organizational methods to meet it. New and
sastly different facilities are being bnilt to meet
it. And people, engineers and factory workers
alike, are meeting it with a combination of intel-
ligence, hard work, and intensive retraining
programs.

Thix happened vight here in Tulsa, for ex-
ample, where a Douglas divizion devoted prinei-
pally to aireraft work has scored notable
sthecesses in producing second-stage vehicles for
Thor-Able rockets fired over intercontinental
distances 1o study reentry problems: and. later,

upper stages for the Delta series of vehicles that
Douglas builds for the NASA,

Thus far, we have talked about ways in which
industry has been affected by this techniceal revo-
lution. What about ways of softening that
impact, of better adjusting to the demands of
the Space Age! What are some of the mutual
problems of Government, education, and in-
dustry, and how can they be reduced ?

Let me emphasize that we feel the universities
and colleges of the nation are doing an excel-
lent job of strengthening their technical pro-
grams, of adapting their curricula to meet the
needs of industry, Government, and business,
and of encouraging a greater student interest in
science, research, and engineering. :

There are several areas in which education
ean help us.  Some we have touched on, such
as the need for more graduates with advanced
degrrees.  Another is the shortage of trained
personnel in such newly important fields as
electronics, computing, solid-state physics, gas
dynamics, and others, _

Some areas perhaps aren’t so obvious. One
of our top engineers complained to me the other
day that many young engineering graduates
seem unwilling to take on drafting and design
assigmments.  He pointed out that vehicle
reliability stems in the main from the quality
of the design of its small parts. “We need
more men who are talented in mechanical de-
sign and  have a pride of authorship,” he
concluded. '

Then there i= the problem resulting from
the very swiftness of space progress.  How are
we to keep the engineers and scientists abreast
of the state of the art after they leave the
sampus!  There are programs that are proving
helpful. These include in-house training
classes,«holarships on a full- or part-time basis.
expansion of company technical libraries, at-
tendanee at meetings of technieal societies, and
the enconragement of a  desire for self-
improvement,

This is a problem, not only of industry, but
of education and Gevernment, and it 1= being
attacked by all three groups, separately and
jointly. 1 eontident we shall find an answer
to this problem, just as we shall to the many
other problems that confront us in the Space

A o,
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OPPORTUNITIES FOR INDUSTRY AND EDUCATION IN

2. EDUCATIONAL OPPORTUNITIES |

THE SPACE AGE

by Jasmes G. Hartow*

From the platform and in private conversa-
tion, it has frequently been observed here today
that the United States has formally entered
“The Space Age.”” This comment is not empty
rhetoric: There is to be a “Space Age™ and we
certainly are in it, whatever that means, for the
Congo is in it too; and I am by no means sure
that it means the same thing for the Congo to
be in the Space Age as it does for the United
States to be in the Space \ge. Despite some of
the comments I encounter when I visit the East-
ern Seaboard of our nation, it doesn’t mean the
same thing for Oklahoma to be in the Space
Age as it does for the Congo, either.

There have been other “-l"e%," some of them
quite recent. The “atomic age” is hardly gone
from the scene; the “electronic age™ and the
“air age"” are visible among the various props
of the public relations lads, and I certainly am
not the only one in this audience who can readily
conjure up images of the “automobile age.”
“Ages” come and “ages” go, but science and
technology ‘go on forever.

The flights of Shepard and Gagarin, dra-
matic though they are, are no more than giant
exclamation pointsterminating that famous and
prescient title of Vannevar Bush’s OSRD re-
port at the end of World War I1: Seience: The
Endless Frontier. This is the basic fact to be
kept clearly before us ns we discuss industrial
and educational change in Oklahonm.

Rocketry is an ancient technology. Three
hundred years ago, Sir Isaac Newton told us
how to launeh a satellite. The Space Age isn’t
new in the minds of men, for it originated with

*Dean, College of Fducation. University of Oklakoma, and

Fxecutive Vice Presldent, Frontlers of Selence Fonndation of
Oklatkoma, Ine. .

84.

Johannes Kepler and Sir Isaac Newton; since
then, we have lwen working at the means of
realizing it.

_ But perhaps even our time isn't as distinctive
as we would like to think. The great European
sea explorations of the fifteenth and sixteenth
centuries, which included the discovery of
America, were the result of techuology, too.
They were made possible by the improvement of
an ancient gadget that is a commonplace today :
the magnetic compass. As in our time, this
period included much argument about who
should receive the credit for the highly im-
proved gadget ; Marco Polo, a front runner for
a time, was finally voted out, though he did run
a fast race.

That our time is one of vastly increased rate
of technological and scientific change, there can
be no doubt; that our plight is enormously dif-
ferent from the plights of at least some genera-
tions that have preceded us there is considerable
doubt. The Macedonian phalanx; Hannibal's
war elephants: personal armor; the English
longhow : the musket : the rifle : mass production
of weapons through uze of interchangeable
parts—each of these was an invention that
struck terror into the hearts of the bravest of

“men.  Each in its turn was surmounted or

counterbalanced ; each in its turn was made the
servant of peaceful purpose.

So it will be with the giant rockets: so it will
be with the satellites. Today we fear hostile
advantage: tomorrow with the =ame device we
haul teak logs, make our law-enforcement ofli-
cers safer, develop hobbies and lifesaving de-
vices, and gain final supremacy over the wild
beasts of the field and forest.




The advantage of our time does not lie in
escape from the impacts upon us of science and
technology. Our advantage lies in the oppor-
tunity to turn war-inspired science and tech-
nology more rapidly to nonmilitary, nonagyres-
sive purpose. This opportunity is to be found
in the processes of research, developmient, and
edication—each of which is now at least par-

~ tially understood, though not yet under rational

control.

This conference is an admirable example of
effort to put that understanding to work.
Today and tomorrow, we are pondering the
peaceful uses of space. Forone thing, we hope
that our competition with the Soviet Union will
be gradually restricted to scientitic, educat ional,
and technological competition instead of threat-
ening always to break into open warfare—
something like the way in which the University
of Oklahoma and Oklahoma State tend to rve-
strict their overt feuding to the playing fields
and the ficld houses, instead of attempting to
do each other to the death in financial politick-
ing. For another thing, we hope that we Okla-
homans can relate ourselves constructively to
this massive scientific-technological movement
—and by constructively we mean relating our-
selves emotionally, intellectually, and economi-
cally to this latest great breakthrough in
human opportunity and insight.

Oklahoma's institutions of higher education
have a tremendous opportunity before them in
participation in the research effort of the Na-
tional Aeronautics and Space Administration.
NASA's basic directive in Public Law §3-568
emphasizes material contribution to the expan-
sion of human knowledge of phenomena in the
atmosphere and space, as well as contribution
to the applied sciences side of space-vehicle de-
velopment and space travel. Virtually all of
the basic science departments of Oklahoma's
universities can find research projects in this
broad directive, if they but choose to do so.
NASAs research grants in the newly estab-
lished Life Sciences division, only throngh Sep-
tember 30, 1960, totalled more than one million
dollars. distributed among sixteen nniversities
and research organizations.  NASN\'s engineer-
ing and physical science researeh is much larger
in doHar volume and more widely distributed.

With such enormous research support available,
it would appear that all we have to avoid is
avoidanee itself.

At the mowent, it is most difficult to see the
directions in which graduate education should
move in order to provide the intellectual
resources with which to exploit the new break-
throughs, It has been known among philoso-

- phers that the so-called fields of knowled:ze are

not the result of inherent features of knowledge,
but vather the result of the questions we ask
of our experience. To ask the question, for
example, “How ean man live in space?” is to
ask a new question, one that requires combina-
tions of today’s fields of knowledge. Just as
today’s medical research frequently requires the
cooperation of a radiation physicist and has
thereby spawned a new breed of radiation-
knowledgeable physicians and  medical  re-
searchers, today’s research questions related to
space living are urging us in the direction of
strong graduate specializations in biochemistry
and biophysics, plus corollary specializations in
engineering fields. Ilowever, only through ac-
tive participation in the research effort itself
can the faculties of Oklahoma higher institu-
tions hope to move their graduate curricula in
the directions that will bring us intellectually
into the Space Age. Again, it must be noted
that the tiscal resources for such research are
available—through NASA.

Perhaps the stickiest, the most frustrating,
and the most exciting of the problems of social
adjustment to a rapidly changing technology
are to be found in the educational arena. In
Oklahoma specifically, how are 22,000 precol-
legiate educationat staff people, not to mention
their several thousand collegiate colleagues, to
be moved into the new frontiers? Well-trained
though they are by national standards, all
these people received their basic training for
teaching before Gagarin and Shepard. At least
four out of five received their training before
Sputnik I Are teachers to continue in the cur-
rent doctrine that post-certification training
should be earried on at teacher expense, since it
typically results in a minuzeule increaze in an-
nual wage? Are school boards and school ad-
ministrators to pick up the tub for moderniza-
tion of teacher knowledge and teaching skills,

85




following the practices of industry? -Or, are
we to place our reliance on extra-educational
agencies, such as the National Science Founda-
tion, and its various institutes, for the necessary
modernization?

And what of the problem of locating and de-
veloping the brainpower necessary to cope with
the new and expanding frontiers of science and

technology, exemplified most brilliantly by the ™~

space effort and NASA? Apparently we are
the first generation of humankind that gen-
uinely needs the mass production of intellec-
tuals. Our predecessors upon the human stage
have found this category of human beings some-
times dull and sometimes provocative, mainly
useful for starting and maintaining revolutions.
However, we need intellectuals in wholesale
lots. We need them to keep us on top of the
changes in which we are immersed, to keep us
up with our competitors for world attention,
and to manage the cataclysmic social conse-
quences of our enormous research and develop-
ment expenditures. As Walter Lippmann once
observed, the United States is a continuing
revolution—a revolution in ideas, in economics,
in politics, in the facts and in the artifacts of
daily living. How are we to order our schools,
our colleges, and our universities to maximize
the development of the ablest of our youth, in
order that the continuing revolution may be
directed and controlled ?

Oklahoma is making fine progress toward
answers to these questions. Our in-service
training programs for teachers are growing in
number and in sophistication. Our develop-
ment of programs and special opportunities
for abler youth are moving along well. But
much remains to be done, for we still have no

general solution for the financing of faculty re- -

training at any educational level; as a conse-
quence, curricular change is spotty and slower
than we would like.

It has been a delight to me to observe the en-
trance of NASA into active edueational effort.
The Spacemobile on exhibit here in Tulsa is a
fine current example of that etfort. Oklaho-
mans will be pleased to know that this vehicle
will tour our State for two weeks following
the close of the exhibit here; for this special
opportunity we have again to thank Nenator

Kerrand Jim Webb. Tlimugh this tour, which

will reach most Oklahoma colleges, at least a
start can be made on sensitizing Oklahota
teackers to the fresh problems of our tine.

In a very real sense, Oklahoma's opportu-
nities and problems in the Space Age are those
of the nation and of the world. The most prim-
itive Congolese and the most aristocratic
British lord may well expire together under the
fallout of a single hydrogen bomb transported
by a vehicle originally designed to place a man
in orbit. Bur, in the world of the fifteenth cen-
tury, who could foresee whether, after the es-
tablishment of contact, Europeans would go to
the Orient, or whether the Orientals would
move to Europe?

Our opportunity in Oklihoma is what we
make it: We have and have had the same op-
portunity to gear our industry, our education.
and our research to the Space Age as have other
parts of the United States. Through this con-
ference, our good senator, our good friend Jim
Webb, and their colleagues are giving us new
stimulation and new insights into the detail and
the richness of the practical courses of action
open to us. As we build and rebuild to seize
the opportunities that are being pointed out. let
us remember that the real problem for Qkla-
homa, the basic foundation on which we must
build for the long run, is the development of
our people—the development of a population
for which innovation isa way of life and change
is & synonym for opportunity. The develop-
ment of such a population is the opportunity
for education in QOklahoma.




- OPPORTUNITIES FOR INDUSTRY AND EDUCATION IX

oo - THE SPACE_AGE

3. TECHNICAL TRAINING DEVICES FOR THE SPACE AG:

by Joux H. Kocu*

When I was a youngster, the typical power
washing machine was a broom handle attached
to two gears going down to a spindle. And all

day long, you pumped, and you washed your

clothes through these two gears. Today, the
average appliance that we have is almost com-
puter-controlled. The modern washing ma-
chine has the circuitry in it that is program-
controlled, and some of them are advertised as
computer-controlled. It has a hydraulie sys-
tem in it, a water hydraulic system that is very
complex. It has a motor-driven system that is
very complex, and the whole thing is controlled
electronically from the little computer.  The
result is that the problem of technical main-
tenance or services for these appliances is very
great. Al of us have had experiences where it
is almost impossilile to get these appliances ve-
paired. Now, the reason for this is that when
you visit the appliance manufacturer, you will
find they are training many of their technicians
to assemble and disassemble the two-gear wash-
ing machine of 30 years ago, '

To a certain extent, we have the same prob-
lem today in the Space Age. If we are going to
accomplish the things that we set out to do in
this country, then we must do something to ac-
celerate the technical training problems that
face us. s an illustration, it rakes roughly 4
years of technieal trade school and a 4-year
apprenticeship to handle the technical complex-
ities in one modern jet airtiner. That's 8 years
of technical training to totally understand the
systems in one modern jet airliner,

I want to show in just a minute here, some
very interesting technical training devices.
These devices will shorten this learning process

*Vice Prestdent. Burtek, Inc.

from one-fourth- to one-third in length.
Further, the retention of knowledge will be
inereased from 30 to 90 percent. Most every-
one who hears me now will retain only 20 per-
cent of what I say: and of what you see, you
will only retain 30 percent, because “you are
passive. You are sitting still, you are relaxed,
and so you will rapidly forget what you hear
and see. On the other hand, if you say and do.
you become active, and the training devices that
I show you are the “saying and doing™ types.
The result is that you will retain 90 percent of
what you say and do, as opposed to 50 percent
of what you see and hear. These devices that
vou see now are the kind that require student
participation in active circumstances.

Figure 1 is an .\tlas missile training device.
The propellant vessel, the sustainer engine, the
boost engines, vernier engines, and so forth, are
shown. All of the various flow lines on this
device are operated from an instructor console.
There are hundreds of malfunction insertion
switches. The trainer clocks down in real time,
advance time, or retarded time. A1l the vent
windows are lighted and the device becomes a
“doing™ type machine, because as the operator
goes through hix countdown and launching. the
instructor throws malfunetion after malfunc-
tion at him, and he in turn has to attempt tech-
nical correction.

Figure 2 is one-hundredth of a solid-
propellant missile. You can see the solid-
propellant charge, just a portion of it, and onr
method of igniting the charge backed up with
some electronie circuitry to take care of the
charge, This trainer, when butted up to other
training devices, would give you a complete
missile.  As we see it here, it is only intended
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FIGURE 2

to teach the ignition portion of one solid-
propellant missile system.
In figure 3 we see a portion of a guidance sys-

tem where we have our individual tln'ugt of fire,
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functions. The instructor and students come
up and operate this unit: on the side of the
~trainer we have malfunction insertion switches
that we can insert to make ditferent malfunc-
tions occur. On the back of the trainer, this
unit is completely gimbaled and swiveled. Al
these lines light with back lighting to show

~ ~what current flows you are getting and what

action you are getting.

Figure 4 is a small launch console, where we
have individual indicator lights all back-
lighted.. The instructor can throw these prob-
lems at the student as he attempts his launch.
This is only one part of a large launch system.

In figure 5 we see a digital computer teaching
machine. With this device, we can patch cord
from each of these different coated electronic
computer symbols. As we place our patch

cords between the symbeols, we can build a com-
puter right in front of the students’ eyes and
then ask a student to come up in front of the
class and build a computer himself.

A small printed-cirenit training device where
the student makes up his own little flip-flop or
his own little adder circuit and so on is shown

in tigure 6. So we have miniaturized computer__

FIGURE 6

printed-circuit training devices that are used to
train Navy missile technicians in this case, how
to maintain the delicate mechanisms that go
into the makeup of the typical computer
circuitry.

A jet-engine demonstrator device is shown in
figure 7. Technical instrument outputs are
being recorded, and flight instrument readings
taken. The operator inserts his normal opera-
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tion. The engineer manages the systems. The
instructor throws problem after problem at
them to see how they solve these technical prob-
lems as they occur. So this is an operator
training device.

In figure 8 we see a typical flight director
that you would have in any modern jet and in

L.__....u.. .;..__.._. T P m,_.;..en:
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almost any spaceship that will have to come
back into the Earth's atmosphere. We shall
need instruments to tell us our speeds, altitudes,
air densities, temperatures, and conditions.
We do this by a computer mechanism that then
feeds the inputs into each of the instruments.
The instructor throws malfunctions at the
students through these switch controls and
expects the students to solve the problems on the
front. Again, a “learn by doing™ device, which
causes the student to retain 90 percent of what
he learns instead of only 30 percent.

" A modern pneumatic system that was not in
existence before the jet age is shown in figure 9.
We have all these different things controlled
through air under pressure and under tempera-
ture. Again, on the side of the trainer we have
insertion malfunction switches. We have

L e e AN 7Y 4 i

FIGURE 9

instrumentation that would be required in this
kind of ship; in this case, it’s a DC-S airplane.
The same requirements would exist in a space-
ship coming back into the Earth's atmosphere.
Shepard's small space capsule had a system.
believe it or not, miniature, almost as complex
as this.

I have one other item T would like to mention
to you, and that is that the bigwest problem 1
think we have today in the Space Age is the
problem of transfer of knowledge from highly
skilled engineers to the average man who does
not think in terms of symbolism, but thinks in
terms of actual hardware. The transition from
the engineer's mind to a practical machine that
will accomplish what we want it to do is very
difficult. It’s the understanding between two
people: its communication, that is always difli-
cult. Now, many firms—I should say several
firms. not many-=manufacture this kind of
training devices. The ones that you have seen
here were all made in Oklahoma. If anyone
desires further literature, there is a great deal
of literature on this subject available to those
of you who have technical problems in this
transfer of knowledge.
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4. THE CEALLENGE OF THE SPACE /GE TO EDUCATION ____

OPPORTUNITIES FOR INDUSTRY AND EDUCATION IN
L e e THE SPACE AGE

by ScorT W. WALKER®

The conquest of space has dramatically
caught the eye and the mind of all of us. The
public realizes the urgency and the broad im-
portance of this exploration of the new frontier.

They recognize that its success is based on -
_seience and technology. As never before, the

world sees science in a new role and as a major
force in determining mankind's future.

This awareness presents a challenge but yet
an opportunity to education in the United
States. The opportunity is here for us to im-
prove, strengthen, and emphasize the impor-
tance of our educational process. ‘These must
start in our elementary schools and be carried
out through high school and college.

‘Specifically, our curricula, the course offer-
ings and their content, must be improved. To
make science understandable to all, we must in-
crease and strengthen our science courses. We
must strive for more mathematics in secondary
schools and raise the level of required mathe-
matics in college, not only for science and en-
gineering but for liberal arts and business. A
country where computers are becoming a vital
part of much of every day business and en-
deavor must have a mass who understand their
concept and many who can operate them.

- The space program and the many civilian
benefits that will flow from it will demand more
and more scientists and engineers. We must,
therefore, attract more bright students mto
these professions. ‘We must have them to
succeed.

The need is probably greatest for engineers.
The glamour of the Space Age seems to imply

*Dean, College of Petroleum Sclences and Engineering. Unt-
versity of Tulsa.
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science to many, and the science enrollments
have thus benefited. But the vast majority of
the required skills—the manufacture of equip-
ment, the instrumentation, the communication

_problems, the propellant systems, the so-called
“hardware”—are for the appliers of science, the - -

engineers. Not that we do not need more
scientists and scientific discovery, but the space
program is largely technological and requires
a new emphasis on the importance of engineer-
ing.

Most of the space-age scientists and engineers
cannot do with just four years of college.
Many more should continue into graduate work.
This then means greater opportunities must be
provided for graduate study, with a corre-
sponding increase in graduate programs and the
establishment of more graduate schools.

The - educational system, particularly our
universities and colleges, have an opportunity
to set up refresher courses for retraining those
who have been out of school for a time. We
should, also, offer special courses to train for
specific needs.

Probably the most striking aspect of the edu-
cational opportunities lies in the realization that
the entire work force must become more techni-
cally skilled. No longer does this country’s
economy rest on a broad base of unskilled labor.
We do not need brute manpower, for now our
needs are for highly trained skilled technicians
throughout the labor spectrum. Therefore, our
school systems must provide background edu-
cation and training to ensure this kind of work
force. This strongly suggests new schools to
train technicians, not just trade schools or
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manual training, but modern-minded institu-
tions dedicated to filling the needs of the em-
ployers and the workmen.

We believe that all curricula should be prop-
erly composed of studies in the skills of com-
munications; the sciences, both physical and
social; and that which is refreshing, creative

~and pleasurable—the arts. We are all doing
much today to reach the right balance among™"

these and the best paths to these gouls. Per-
haps the greatest benefit that can come from

92

the conquest of space then is the awareness of
science and from that the realization that the
unifying discipline of modern education lies in
modern science. ' When we recognize the power
of the scientific method, which is simply the
calm, orderly development of human thought,
perhaps we can begin to apply it to all our
problems. Perhaps the scientific method ap-
plied - without prejudice -to social science can
lead us closer to our continued striving for
peace and orderliness in human relations.




ADDRESS BY JAMES E. WEBB
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- ADDRESS

o . _..by JaMES E. WEBB®

No one could live in or be associated with
Oklahoma for almost ten years, as have my
wife and I and our two children, without real-
izing that this is a land of tremendous space
and boundless hovizons; with the outlook of
the pioneer; capuble of projecting into the chal-
lenging new frontier of space the competence,
the willingness to experiment, the restlessness,
and the personal courage and drive of the great
Southwest. I know that through your great
universities and colleges, through the efforts of
your leaders in every field, and through such
activities as the Frontiers of Science Founda-
tion of Oklahoma and this First National Con-
“ference on the Peaceful Uses of Space, yeou are
determined to build here a modern scientific
innovative culture that will furnish leaders for
the Space Age in the vigorous tradition you
have always maintained. Our national space
effort needs these qualities, and it needs Okla-
homa and the Southwest. .

Fresh from my intimate experience with the
ferment of the modern Oklahoma frontier, 1
have had no difficulty in feeling at home on the
space frontier—or indeed in President Ken-
nedy’s New Frontier. It was only necessary
to change the habit of looking forward to the
habit of looking outward.

Three and a half years ago, a short tine even
in the history of a new state like Oklahoma,
the Russians were clearly ahead of us in space.
They had launched the first manmade Earth
satellite—Sputnik I Since then they have sent
12 vehicles into Earth orbits, including the
spaceship that carried Cosmonaut Gagarin
around the globe.  Although only one Soviet
satellite is still in orbit, it is important to keep
in mind that five of them weighed in the neigh-
borhood of 10000 pounds, and that three of

*Administrator, National Aeronanties and Space Adminis.

tration.

these large vehicles have been recovered from
Earth orbits.

In this same period, the United States has
mounted a determined, major effort in the field
of space exploration. We have drawn together
in the National Aeoronautics and Space Ad-
ministration meore than seven laboratories and
space-flight research centers. The United
States has placed in orbit 39 satellites, of which
22 are still circling the world, with nine still
transmitting signals and valuable seientific in-
formation about our space environment. And
just two weeks ago, openly, before the eyes of
the world, we conducted the first Project Mer-
cury man-carrying suborbital flight. You all
know that Alan Shepard was the Astronaut.

During the period since Sputnik I, we have
evolved the technology that made this giant
stride possible. We have also drawn heavily
on the bank of scientific knowledge accumulated
over many years by means of telescopic observa-
tion of the phenomena of the universe, filtered
through the veil of the Earth’s atmosphere. On
this scientific and technological foundation, we
have developed means of designing spacecraft
and of rocketing them into space packed with
electronic equipment to isolate, measure, and
observe specific phenomena. Data gathered by
our satellites and probes have been radioed to
Earth. This enormous flow of information is
being analyzed continuously by the most mod-
ern computer systems, and we are distributing
the resulfs to scientists in every nation. Thus
we have achieved a position of open science,
openly arrived at, by spreading these new ex-
amples of the puzzles and problems that every
great scientitic advance generates, to the largest
possible number of able minds for interpreta-
tion and solution.

As an example of how this system works, on
March 11, 1960, Pioneer V was launched by a
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Thor-Able rocket to gather scientific data from
deep space and to test communications over in-
terplanetary distances. This deep-space probe
weighed 94 pounds and contained two radio
transmitters and reccivers. In it were instru-
ments to measure radiation streaming from the
Sun, the spatial distribution of energetic par-

_ ticles and medium-energy electrons and protons,
““the number and ~density of -meteoric -dust -

particles striking the probe, and the strength
of magmetic fields.

We were able to communicate with Pioneer
V for a distance of 22 million milesand through
it confirmed the existence of an electrical ring
current circling the Earth at an altitude of

- 40,000 miles, the existence of which had been

speculated on by geophysicists for more than
50 years. - Pioneer V also measured an intense
zone of disturbed magnetic fields at distances of
40,000 to 60,000 miles from the Earth, revealed
that the boundary of the Earth’s magnetic field
is twice as far from Earth as had been previ-
ously supposed, and reported the first direct
observation of pure cosmic rays at altitudes
completely free of the Earth’s atmosphere.
This observation was made three million miles
in space.

I could list many other achievements in this
314-year period, such as the discovery of the
Great Radiation Belts, now named the Van
Allen Belts for Dr. James Van Allen of the
State University of Towa, one of the eminent
scientists working with the Space Administra-
tion. I could mention that our first weather
satellite, TTROS I, completed more th-n 1300
orbits of the Earth and transmitted more than
22000 pictures before we lost communication
with it. I could go on to mention Echo I,
NASA’s brightly twinkling, Earth-orbiting
balloon which has been seen by millions and
which has proved the feasibility of using satel-
lites to reflect radio and other electronic signals.
But I think T have made the point that the
U.S. space effort has progressed in the 314 vears
since man fired into orbit the first artificial
Earth satellite.

In so short a time, while carrying out much
of the activity I have outlined, the work foree
of the National Aeronautics and Space Ad:
ministration grew from 7966 at the outset to
18,000 now. Our annual expenditure of funds:

96

rose from $145,490,000, during fiscal year 1959,
our first year of operation, to what we estimate
will be about $760,000,000 when fiscal year 1961
ends this June 30.

1 believe it is fair to say that during this
period the United States achieved first position
in space, science, and technology and merited
the confidence of the world scientific commu-
nity. But there was one major field in which
we did not make the necessary effort to achieve
first position. This, unfortunately, was the
arca of building the large, high-thrust rocket
boosters required to lift heavy payloads into
space and to achieve sustained manned space
flight. The U.S.S.R. did make the necessary
effort and has reaped the benefit in world-wide
acclaim.

So much for the past 3% years. My own
entry into this highly complex new dimensiop
came 314 months ago, when President Kennedy
sent a message that I received while attending
an Oklahoma City luncheon in honor of Sena-
tor Kerr. T can only surmise what went on in
past years, but I know personally the intensity
of work over the past 14 weeks.

There was the driving demand by the Presi-

~ dent and the Vice President that every facet of

the requirements to recover our lost position be
examined and evaluated.

There was the penetrating analysis of our
past weaknesses by the Vice President, based
on his experience during his 2 years’ service as
Chairman of the Senate Committee on Aero-
nautical and Space Sciences, with the follow-up

_of Senator Kerr, who succeeded him as chair-

man of that committee.

There were the incisive and meaningful ses-
sions with the Secretary of Defense and the
Chaitman of the Atomic Fnergy Commission
to bring the diverse elements into harmony in
the form of a national space program.

There were the long and detailed presenta-
tions to the Director of the Budget so that he
might test the validity of our conclusions and
assimilate the facts that wounld permir the
President to weigh the requirements for the
space  program against the other urgent re-
quirements of defense and national interest.

There was tha decision of the Presiders that
the key to retrieving our position lay in deter-
mining that we could no longer proceed with




the Mercury one-man spaceship as if it were to
be the end of our program, but that we must—
even in a tight budget situation—present to
Congress the urgent necessity for committing
ourselves to the giant hoosters required to power
the larger eraft needed to accommodate crews
of several men on long voyages of deep-space,
lunm, and pl.met‘u) c\p]nmtmn.

-- Funds were increased to speed up the qutum__..

C 2 booster and the large smgle-ch'\mhor 1.5-
million-pound-thrust F-1 engine, which will be
one of the basic building blocks for Nova, the
biggest rocket we have yet programmed. That
is to say, we shall use the F-1 rocket as our
basic building block unless the new decision of
the President, announced yesterday—that we
will parallel development of this liquid-fuel
rocket with a solid-fueled rocket—produces a
better and more powerful engine using some
type of solid propellant.

Thus, the first major decision of the new \d-
ministration in the field of space was to step up
the big-booster program to provide lift for
larger and more advanced spacecraft.

The intensity of the effort pervading the past
314 months did not end for me with Premlent
}\enned) s decision. .\t the same time that we
were presenting the new program to the Senate
and the House committees, the National \ero-
nauties and Space Council was being reorgan-
ized and the leadership of its Chairman, Vice
President Johnson, was coming increasingly
into play. The President asked the hard ques-
tions. The Vice President demanded the work
to provide the answers. Those of us charged
with getting the facts could see little difference
between night and day, day in and day out,
weekends and holidays,

We did manage to do the work. Based upon
it, the President made his decision, and yester-
day he announced major new goals for the na-
tion and new programs to achieve them,

The fiseal year 1962 authorization request for
the National Acronauties and Space Adminis-
tration is now increased to SLTREIN0000 or hy
61 percent. The Space Agenev expenditures
for 1962 are now estimated at $1.3%0,000,000, or
an increase of 43 percent.

The first augmentation of the space program
by President Kennedy in Mareh was primarily
for the purpose of speeding up the booster and

propulsion components whose development
must precede an expanded program of manned
and unmanned exploration of space. Further
increases in this area, aggregating some $144.5
million, are included in the requests made by
the President yesterday. Included is the initia-
tion of a Nova vehicle of very large thrust, with
sufficient power to land men on the Moon and

_return them to Earth. The increased request
also prondos an additional £130.5 million for ~ ~

Apollo, which will lead both to a three-manned
Farth orhiting laboratory and a manned lunar-
landing spacecraft. $66 million is requested for
an accelerated effort in research and exploration
of the environment around the Earth, around
the Moon, and in the space between. Funds are
provided for a study of the problems of return
to Earth from flights around the Moon at re-
entry speeds up to 25,000 miles per hour, which
will generate extreme heat.

Thorough studies of radiation pmbleme will
be conducted, including an analysis of solar
activity over the past 50 years in order to pre-
dict, if possible, the periods of extreme radiation
that man must avoid.

In President Kennedy's new request, there is
an item of $50 million to expedite the develop-
ment of solar cells, transistors, and other com-
ponents and to demonstrate transatlantic tele-
vision, as well as to bring into being the kind
of satellite coimmunications system needed to
meet governmental as well as commercial
requirements, ‘ ‘

- In the area of meteorological satellites, there
is an increase of £22 million to expand the

“TIROS flight program, and, in addition, the

President has requested $53 million for the
Department of Commerce to enable the Weather
Burean to proceed without delay toward the
development of a world-wide meteorologieal
satellite system based on the NIMBIUS satellite
now under development by NASN as a follow-
on to the TIROS series.

In connection with NASAS program of
speeded-up research and development of liquid-
propellant engines, an additional %15 million
ix provided to accelerate the Lh-million- pmmd-
thrust F-1 engine program, and £58 mithion is
provided for long lead-time propuision-devel-
opment facilities such as static test stands for
single and clustered engrines, facilities for test-
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mg booster stages powered with clustered en-
gines, and design of new launch facilities for
the much larger flight vehicles to come in sup-
port of the manned lunar effort. The largest
booster vehicle funded in this program is the
Nova. $18.5 million is provided to start work
on a liquid-fueled Nova flight vehicle.

The Department of Defense through its

~Minuteman and Polarts developments }n:H great—

capability in the field of large solid-propetlant
rockets. Therefore, solid-propellant booster
stages for the Nova vehicle will be developed by
the Departmient of Defense in parallel with
NASAs liquid-fueled stages. The Department
of Defense budget will include $62 million to
begin work in fiscal year 1962, This means that
both the liquid- and solid-propellant tech-

- nologies will be driven forward at the rapid rate

needed to assure the earliest availability of a
Nova vehicle. Assoon as the technical promise
of each approach can be adequately assessed. one
will be selected for final development and
utilization in the manned space program.

Included in the: requests is $23 million addi-
tional for the Rover program for NASA' <hare
in the cooperative NASA-AEC project looking
toward a nuclear-rocket engine. This includes
$15 million for engine test facilities, which
should be started now in order to achieve the
earliest feasible flight date.

From the preceding it is clear that the Presi-
dent’s requests, taken as a whole, establish a
pattern of effort that adds up to a vigorons,
well-rounded national space program. There
is wide participation by many departments : and
agencies,

This program, in order to be suceessful, w i
require a sustained and highly paced national
effort over a number of years. The President’s
action today not only steps up the program for
the first year but also contemplates an increased
tempo for future years.

To provide you with perspective on the di-
mensions and stage ratings of the Nova vehicle
that will be used to land the Apollo spacecraft
on the Moon and return it to Earth, listen to
these figures:

The overall height of Nova will be some 360
foet—60 feet taller than a football field is Jong.

The diameter of the first stage will be some
30 feet, and of the upper stages xome 25 feet,

R -

In one version, the first stage will consist of
eight clustered F-1 engines, each developing a
thrust of 1.5 million pounds, using conventional
rocket fuel. In cluster, the engines will produce
a total thrust of about 12 million pounds.

This version also calls for second and third
stagres fueled with lquid hydrogen and liguid
oxygren, :

~The Apolle spacecraft will earry its own pro- .
pulsion system, retrorockets for soft lunar
landing, and other rockets for takeofl from the
surface of the Moon and return to the Eaxth.
Apollo will weigh about 150,000 pounds.

Since the early days of World War 11, the
American people have faced many erises and
have had the courage to make the hard decisions.
The war effort was mounted and our arms were
victorious. Ta the postwar world onr deepest
hope and desire was that the people of all lands
would share basic individual fulfiliment in
peace, freedom, justice, and continuing progress.
We were confronted instead with the cruel
reality of a powerful despotisin, bent on burying
us along with the basic tenets upon which our
society rests and from which it draws its
strength. '

We Americans are a pragmatic people, and
we have always adopted new measures to n:eet
new conditions. In the postwar period major
milestones were passed with the adoption of
the Maushall Plan, of the North Atlantic
Treaty Organization with its military assist-
ance program, support of the United Nations®
action in Korea, the landing of troops in
Lebanon, the Berlin airlift, and others that you
ean recall.

Now we are faced with another national re-
«|u|n'mem that will commit us for many years
to a major undertaking in which cecond best
has proved not good enough. AT Oklahomans

ean be proud that at this First National Con-
ference on the Peaceful Uses of Space the posi-
tion of the United States in the competition for
scientifie and technological supremacy is pre-
sented elearly at a time when the President is
ealling for the support of the nation.

In conclusion, let me make it clear that all
of the effect=of the national space program will
nat be confined to outer space itself. These
effects will go beyond the impression they wuke
in the minds of men around the world.  You




as n citizen, as a worker, as a parent, as a pa-
tient. in a hospital, will feel them in your daily
life. Already our push into space has produced
a ceramic that is made into pots and pans that
can be moved from the coldest freezer into the
hottest flame without damage. Our study of

-foods best suited for space flicht will lead to
—— improved nutrition for the en hlonnd,  Space

research has created new mu
loys, fabrics, compounds, whicli aircady have
gone into commercial producti-n. From our
work in space vacuum and extreme tempera-
tures have come new durable, unbreakable plas-
ties that will have a wide variety of uses, such
as superior plumbing and new types of glass
adapted for windows that will filter intense
light. Our scientists have devised minute in-
struments called sensors to gange an astro-
naut’s physical responses in space, to measure
. his heartbeat, brain waves, blood pressure, and

breathing rate. These same devices could be
attached to a hospital patient so that he could
be watched by remote control. In the future
every patient’s condition could be recorded con-
tinuously and automatically at the desk of a
head nurse. ,

More than 3200 space-related products have
already been developed. These come from the

-, inetals, al-—-5000- companies and_research outfits now en-

gaged in missile and space work. From this ~
new industry will emerge new jobs that will
help take up the slack of unemployment.
Those of us who are working in the national
space program are convinced that a large part
of our future as a nation is at stake. We ap-
preciate the support. of those of you who have
come to this conference to apply your minds to
the space problem, to understand its implica-
tions, and to make your own contributions to it.
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PRESENT AND FUTURE OF MANNED SPACE FLIGHT
L X—-lo AND DY NA SOAR MANEUVERABLE WINGED RESEARCH

~-—-- VEHICLES -

by PavL F. Bikie®

This country has had a continuing etfort in
manned rocket research aircraft since the first
penetration of the “sound burrier™ by the X-1
in 1947. The latest of these aircraft ave the
X-15 and the Dyna Soar. DBoth are maneuver-

able, piloted aireraft designed to investigate
the pmblems associated with supersonic and
hypersonic flight : and both are of great interest
in devising techniques to give lhe astronaut as
much freedom as possible in the control of his
reentry and return to the Earth in a safe and
practical manner. Time available will permit
only a brief deseription of each project.

The X-15 structure is-of Inconel X to with-
stand aerodynamic heating that will raise the
skin temperature to 1200° F. In figure 1, a cut-
away view of the X~15 shows the pilot’s cockpit

Fi6URe 1

in the nose; behind this is space for 1300 pounds
of researel instruments, which are the payload.
Behind this are the propellant tanks for the
liquid oxygen and ammonia that are fed to the

*Director, Flight Research Center, Natlonal Aeronauticx
aml Space Administration.

57,000-pound-thrust engine in the tail.  The
short wings are much like those of a conven-
tional F-104. A large, wedge-shaped vertical
tail provides directional stability and control.
Large horizontal surfaces are moved together
for pitch control, and difterentially to provide
roll control. There are small rocket-type re-
action eontrols on the wings and in the nose for
control at altitudes where the aerodynamic
surfaces are no longer effective,

Figure 2 shows the performance envelope in
which the X-15 was designed to operate: speeds
1o 4000 mph (Mach 6) and altitudes of 250,000
feet with an additional capability to achieve
higher altitudes, depending on the results ob- -
tained from tests within the design flight en-
velope. The research program is progressing at
a steady rate in a step-by-step buildup to the
maximum performance. The shaded area is
the portion of the envelope that has already -
been explored. Best speed has been about 3100
mph (4.6 Mach number) : maximum altitude,
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169,600 feet. Problem areas have been rela-
tively minor-in nature, and there is no reason
to believe that the primary goals will not be
achieved before the end of this year.

Figure 3 shows a typical research flight.
The X-15 is carried aloft and launched from
- under the wing of a P-52, as shown in the upper

FIGURE 3

left. The launch is made several hundred miles
up range; the engine is started, and the pilot
pulls the aireraft into a steep climb. In less
than a minute and a half,’the propellants are
expended, the speed is now perhaps 5500 feet
per second, and the flight path follows a bal-
listic trajectory as the X-15 coasts up to max-
imum altitude and descends again toward the
atmosprere. The reentry and pullout are the
most critical, with maximum acceleration, max-
imum heating, and minimum stability and con-
trol to be surmounted before gliding back to
land at Edwards.

Figure 4 is an artist’s conception of the ap-
pearance of the heated structure as the X-15
passes through this critical reentry phase. As
one would expect, the hottest portions (cherry
red in this picture) are on the leading edges,
the nose, and lower surfaces,

For a better picture of this operation, a short
movie has been assembled from film ¢lips taken
during the X-13 tlights. The first sequence
shows an early test of the 37.000-pound-thrust
engine being run in the X-15 on a ground test
stand.  The engine is started with the throttle
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open to 50 percent of the rated thrust. ...
Note the change in the shock pattern as the
throttle is advanced. The engine is now devel-
oping the full 57,000 pounds of thrust. . . .
Again, the shock pattern changes as the throttle
is retarded. The thrust level is now 30,000
pounds. The pilot closes the throttle and the
engine shuts down. It may be restarted again
if required.

The scene shifts to the 15,000-foot runway at
Edwards. . . . Under the right wing of the
B-52 may be seen the X-13 on this takeoff for a
research mission. . . . Forty minutes later the
B-52 has reached the launch altitude of 45,000
feet and is in position, several hundred miles up
range, for the drop. Speed is now between 500
and 600 mph.

The following pictures of the drop are from
a camera under the wing of the B-52. As the
X-15 falls away from the pylon, the engine is
started . . . and the chase plane moves in for
a last check on the operation.

The thmottle is opened and the X-15 acceler-.

ates rapidly, increasing speed nearly 40 mph
each second at first, and at a rate of nearly S0
mph each second as the heavy load of propel-
Tants is burned.

These pictures are from a camera mounted
behind the pilot, looking back over the tail. As
the X-15 is pulled up into its climb, the vapor
trails of the B-52 and the chase aireraft fall
rapidly behind. . . . Note the curvature of the
horizon and the dark sky above it as the top of
the trajectory is reached.
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The jets of steam are from the reaction con-
trols used to orient the X-15 for its proper re-
entry attitude. :

After the pullout, the speed brakes are
opened and a turn is made toward the base.  Al-
titude is now about 60,000 feet and speed about
1500 mph.

The lower vertical tail drops away to provide
clearance for landing as the chase planes close

~in-and the X-15 turns on final approach. . . .

Speed is over 300 mph and the rate of descent
about 8000 feet per minute. . . . The pilot flares
out for the landing; speed is over 230 mph as
the rate of descent is reduced. . . . The land-
ing gear is extended: note the skids at the
back of the airplane. ... The touchdown
speed is about 220 mph. . . . Landings have

~been made consistently within 2000 feet of the

mark on the dry Inke. Average ground distance
has been from 5000 to 6000 feet. . . . The X-15
will now be checked, serviced, and mated again
to the B-32 for another flight.

Upon completion of the present series of re-
search flights, the X-15s will be used as test
beds for experiments in aerodynamies, struc-
tures, new space systems, and other experiments

such as the one shown in figure 5. Doors on
15 NSTRUMENT - COMPARTNENT 4200 -y
- E
- !
g |

FIGURE 3

top of the instrument bay open to expose a

telescope and eamera for taking photographs’
of the Sun, planets, and stars while above the

interference of the atmospheric blanket sur-
rounding the Earth, Such observations may be
made under the precise control of the pilot,

602053 O~ 61— —-§

and the records and equipment are returned to
the ground each time so that repeated flights
may be made at a relatively low cost for this
type of experiment.

Figure 6 is n picture of the next step beyond
the X-15. This is Dyna Soar in its launch
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position on top of a large two-stage hooster:

rocket. It is a highly swept, delta-wing glider
weighing a bit over 10,000 pounds. Dyna Soar
will offer mau his first opportunity to achieve
controlled, maneuverable flight at speeds ap-
proaching 18,000 mph. It will also have a
limited capability to reside in orhit for short
periods of time. ]

In fignre 7 is a generalized picture of the
flight regime in which Dyna Soar-like vehicles
will operate.  Speads up to satellite velocities
on the right and altitudes approaching 100
miles on the top are shown, At the left is the
dark area to be explored by the X-15. The
lower line represents the ballistic reentry,
typical of Mereury, as it returns from it= orbital
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flights. The broad area is the corridor in which
Dyna Soar may maneuver in its return from
similar flights.

Initial Dyna Soar flights will be made from
Canaveral as shown in figure 8. These flights
will be to near-orbital speeds with landings on
islands in the Caribbean or, as shown in this
diagram, on the coast of South America. Later
flights to slightly higher speeds will permit one
or more orbits with landings at Edwards.

) AMR FLIGHT PLAN
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) SOUTM AMERICA

Fiovre 8

Fignre 9 shows the entire launch vehicle in
flight. At a relatively low altitude, the large
first-stage booster separates and the second
stage accelerates the glider to near-orbital
speed.  The second stage then drops away as
shown in figure 1L Dyna Soar now starts its
long reentry into the atmosphere where the
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pilot has a wide latitude to choose a flight path
to reach any desired landing point. Figure 11
is an artist’s conception of the appearance of
the glider as it encounters the air molecules at
these velocities; here is the most critical part

FicURre 11




of the flight, the part in which we will derive
the knowledge that Dyna Soar is designed to
provide. :

The X-15 and Dyna Soar are two of the
many steps in the United States approach to
manned space flight. These steps are very much

concerned with the problems of bringing man
back from space in a safe and practical manner.
The advances in technology growing from these
two programs and the Mercury program will
provide a part of the firm foundation on which
future manned spacecraft must be developed.
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PRESENT AND FUTURE OF MANNED SPACE FLIGHT
2. MERCURY CAPSULE DESIGN AND DEVELOPMENT EXPERIPNCE

by J. S. McDoONNELL®

Our company has been asked to present some-
thing on our experience with the Mercury Cap-
sule Project. Specifically, as regards the
Mercury capsule, a bit of history. Our com-
pany started work on our own initiative in
November 1957. By October 1958, when Con-
gress in its wisdom had set up the NASA, our
company had expended about 10,000 creative
engineering man-hours. And in February
1939, when we signed cur contract with NASA,
we had expended about 80,000 engineering
man-hours.

What were the specific objectives! First,
place & man in orbit. Second, measure crew
reactions to space flight.  Third, measure crew
ability to perform tasks: and fourth, effect safe
recovery of crew and capsule.

What are the distinguishing characteristics
of this effort as compared to our work of the
previous 20 years on fighter and attack air-
planes?  The first distinguishing characteristic
was a more severe weight limitation than ever
before. We were limited by the Atlas rocket
with its 360,000 pounds of thrust. The capsule
in orbit had to be limited to less than 2700
pounds in weight. We had hoped to use a lot
of standard equipment in view of the time
schedule, but as it turned out, within that
weight limitation, everything had to be
miniaturized.

The second distinguishing characteristie was
greater safety and reliability than ever before.
It was a vequirement literally out of this world.
And this, although T have listed it second, had
the highest priority over everything.  As in all
i jor systems, we had to have at least one alter-
native way of accomplishing that particular
purpos=e,

*Prestdent, McDonnell Afrcraft Company.
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Third, the very fast time schedule; and
fourth, in our manufacturing processes was the
development of a white room to keep every-
thing in the way of hardware meticulously
clean and reliable,

Millions of words have already been pub-
lished concerning the Mercury capsule, and
thousands of photographs. We will try to
show you a little something you have not seen
before. And then in our question and answer
period, if time permits, we are at your service
for any detailed technical questions. So, we
will show first a film of about 2 minutes, show-
ing some of the manufacturing in- provess.
Then we will show a film of ahout 10 minutes.
It will be an animated orbital-mission profile.

Film Narrative

“These are some of the views in the factory
showing the equipment and the white room.
These ave views of the antenna and the fix-
tures. Most of this is made out of titanium,
beryllium, or rhenium metal, all three of
which are rather unusual in the manufacture
of normal aireraft to which we have been
accustomed.  After having spent many hours
doing the engineering to assure the design
safety, the problem of translating that into
actual hardware safety through the use of
training and preparation of new processes
was something that was a factory-wide
operation,

“Here is a picture of one of the early in-
stallations in the eapsule, Training partie-
ularly to do miniaturized work was one of
the most important and significant steps that
we had to take, with all personnel going
through contitinous training programs before
being assigned to the project.

“Here is a picture in our white room, a




" poom in which we have complete humidity astronaut himself in flight and his reactions and
and temperature control and extrewe dust fil- the inside of the capsule. This will show what
tering. All personnel are required to wear it Tooks like from outside. [Film shown.]
nylon clothing, including shoes and caps, for With this elementary, be we hope stimulat-
the purpose of keeping down any dust after ing, approach, we invite technical questions

we once get the cupsule to the point where we during the question and answer period. T have
are putting installations within it.  Among  never in my life seen an engineering and man-
the important things that are required ave ufacturing project inspire the people working
many racks of electronictest equipment. You  on it more. We, in eflect, have on it 1200 divect
see here many of the systems being checked * space eadets, T ean say {rom our work with -~~~

> out. Eachsystem is checked out individually.  NASA that the NASA people have felt the
Then they are checked out. together, and  same inspiration and enthusiasm about it, It
finally, a simulated mission is run in which  wonld alimost seem that man had been destined
the capsule is put through exactly the same to go into space, and when the right time in
» paces as though it were on the top of the  history came, it was inspirational to those peo-
rocket and ready for launch. ple fortunate enongh to have work todo in it,
“We also developed in this period of time This group at our company have been work-
a good deal of miniaturization, working with ing around the clock 2+ hours a day, seven days
printed cireuit boards and plotted compounds 2 week, 168 hours n week.  Naturally, the first
to make all our equipment in the way of in-  space cadets have been rotated, even though
strumentation and telemetry. Here you see  their leader is a practical Seotsman. -
some pictures of the men working at the What [ have seen in our little sector, plus the
benches in this particular condition. Ilere work done with the companies associated with
again are some shots showing the appearance. 1S plus the much greater work of NASA, is

I think the important thing is not what the proof to me that the American people have
great talent in this area. T believe it is fortu-
nate that the Soviets have challenged us in this
area, and I believe if the people of America
want it and if their representatives in the Con-
The next film is a home-made animated  gress vote the money needed, that within 120
orbital-mission profile with the capsule in flight,  months the American people, with their allies
and it will show the working of the various .in the free world, can not only overtake the
control systems. NASA yesterday showed a  Communist world in this area, but can far
tremendously historically important film of the  exceed them. '

man is doing at this moment ; it is the atmos-
phere, tle surroundings in which he is re-
quired to perform his duties.”
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PRESENT AND FUTURE OF MANNED SPACE FLIGHT
3. MERCURY AND APOLLO: RESULTS AND PLANS

by RoBert R. GiLruTn®

The potential of space flight for extensions
of man’s scientific knowledge about his celestial
environment, and for achievement of many ad-
vanced missions in the fields of communications,
meteorology, navigation, search, and the like,
are profound. It is clear that man himself must,
and will, play a basic role in the advanced ex-
ploration and uses of space.

While it is true that we are now only at the
fringe of the space-flight frontier, the magmi-
tude of the job ahead is already clear. We must
proceed to attack space-flight problems, there-
fore, with the same kind of rationality, serious-
ness, and dedication that has dominated our
approach in aireraft development, where the
risk of human life was also involved.

It is evident that launch vehicles strongly
dominate our ability to perform space missions.
The majority of our space accomplishments
thus far have reflected our ability to convert
ballistic-weapon boosters to a new and challeng-
ing service—one for which they were often not
best suited. Certainly the use of modified Red-
stone and Atlas launch vehicles in Project Mer-
cury has imposed severe constraints in the
manned space-craft design and operation be-
cause of limitations on weight-lifting ability
and reliability. Project Apollo and other ad-
vanced manned spacecraft will require large in-
creases in launch-vehicle capabilities; and the
rate of attainment of such capabilities will con-
trol the pacing of our achievements along these
directions.

What is of prime importance, however, in the
development of advanced boosters for future
space flight programs, is a clear appreciation
that man is to be a vital component of those
missions. This should dictate that these launch
vehicles be tailored from the start, in the most

*Director, Space Task Group, Natlonal Aeronautics and
Space Administration.

110

o ey s v

fundamental ways, to the accommodation of
man and other dictates of manned missions.
This will require that we face up to such chal-
lenging tasks as providing vehicles with trajec-
tory parameters that reflect man’s physiological
limitations; prelaunch procedures that facili-
tate late insertion of man into the spacecraft;
a simplification of operations that wilt give sig-
nificant iiprovement in the ability to launch
at a specified time; and a new high order of
safety and reliability. In the latter regard,
greater emphasis must be placed on the applica-
tion of redundancy concepts to critical launch-
vehicle components in a manner that has served
eminently in the aireraft field. Detailed con-
sideration must also be given to the use of flight-
crew monitoring and control, where such
measures can  improve the launch-phase
reliability. '

As for the spacecraft itself, it is similarly
clear that a broad attack on the complete fron-
tier of applicable technologies should be the
order of the day; and the problems are mani-
fold and complex. Space presents a peculiar
and hostile environment to manned-space-flight
operations. Spacecraft, therefore, have their
own special requirements, just as ships have
for the sea, and aircraft for the air. We are
only beginning to learn about spacecraft re-
quirements. But it is already evident that, in
one important respect, spacecraft can have the
most diflicult challenge: that of providing for
satisfactory operation in space, in the air, and
on the water. The Mercury capsule, for ex-
ample, had to be designed for exit through the
atmosphere on the booster, for operation in
space, for reentry flight through the atmos-
phere, and for impact and survival in the high
seas or on land. Some future vehicles, in addi-
tion, will be required to penetrate planetary
atmospheres, and land on, and takeoff from,
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lunar or planetary surfaces. The provision of
such a combination of capabilities in one ve-
hicle will surely tax man’s ingenuity to the
fullest.

While some may assume that the provision
of advanced launch vehicles with greatly in-
creased weight-lifting capabilities will provide
for easy, brute-force solutions to future prob-
lems, there is really little room for such hopes.
Experience has shown that the desire t6 under-
take more advanced missions will probably al-
ways place a very high premium on weight
control and system sophistication.

In the development of the Mercury system,
for example, the capsule configuration was ba-
sically designed for good reentry performance,

_while its compact, symmetrical shape was

readily adaptable to the booster geometry. Its
upper structure was arranged to contain the
parachute systems and support their loads. The
landing bag was included to attenuate ground
or water impact shack, and to stabilize the cap-
sule on the water. The problems of providing
all these capabilities, together with a launch
escape method, separation motors, ret rorockets.
Jife-support equipment, stabilization and con-
trol systems, communication gear, and other
crew requivements within the allowable welght
limits. was extremely challenging.  If the Mer-
cury capsule were to be redesigned today, there
is very little in-its basic concepts that we would
or could change. ‘

In the development of Apollo concepts, we
again _face a weight-limitation problem that
forces us to take a hard look at the primary
objectives to determine, in a rational manner,
what compromizes must be made. Tt is agrain
clear that we cannot permit old concepts to
dominate the configuration design, unless they
can pay their way in the accomplishment of
the basic space mission. Regardless of how we
examine the problem, the conclusion remains,”
that, within the dictates of practicability, sa fety,
and reliability, the maximum performance and
operational capabilities in space are the real
fundamental requirements to which other de-
sires must be subservient.

The Apollo design must therefore cater to the
maximum of space-mission eapability, incor-
porating only an optimum eonfigruration com-

promise for launch, reentry, and landing re-
quirements, We therefore are compelled to
relegate conventional landing capabilities to a
lesser importance, unless they can be provided
with little penalty to overall mission perform-
ance.

One concept that offers promise for the con-
trolled landing of spaceeraft is the Rogallo
“Flexiwing” or paraglider. With this device,

-which is basically a stowable wing of the same__

order of weight as a parachute system, it may
be possible to utilize an optimum configu ration
for the space and reentry operations, and st ill
provide a horizontal pilot-controlled landing
capability on the ground orat sea. Sucha wing,
with a lift-to-drag ratio of about 5, could be
deployed after the reentry maneuver has been

““completed, to permit final selection of the land-

ing arex. ]

Intensive research and development efforts
in a wide variety of such fields are accordingly
necessary for maximizing space-flight capabili-
ties within allowable weight limits. It is ob-
vious that there is an open field for the evolu-
tion of a whole host of new concepts and
techniques to speed us toward our long-range
objectives.

The space-flight program objectives them-
selves need to be most carefully selected. Each
of two extremes should be avoided. The selec-
tion of complex projects that achieve only a
small improvement in space capabilities ave
prone to early obsolescerice. and dissipate too
much of our manpower and financial resources.
On the other hand, the selection of project gouls
that require technological advances far beyond
those that are clearly within the realm of con-
certed development effort can long delay the
availability of useful improvements in space
-apabilities, or even defeat practical accom-
plishment of the project in a timely manner.

In meeting our national needs, our space-
flight programs should strive for a middle
course.  While each step should be sufficiently
large te tax our ingenuity to the utmost without
predicating snecess on 2 technalogical break-
through, the projects should be devised with
sufficient scope and flexibility that we nay eapi-
talize on the ensuing technical and scientifie
growth and .thereby facilitate timely ond effi-
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cient advances in our space-flight capabilities.

The goal set. of manned lunar landing is one
of the most difficult tasks that could be chosen.
For this reason the Apollo program will be
taken in progressive steps.  As an initial step,
the Apollo vehicle should provide a significant
advance over Mercury for Earth-orbital oper-
ations. We expect that the incorporation of
a larger crew, the extended mission duration,

the maneuverability capabilities, and accom-

“modations for special-purpose equipment, will
provide for immediate conduct of a wide va-
riety of scientific. technological, and special ci-
vilian services. _
At a later date, when the erection of large
manned permanent space stations in orbit may
be undertaken, the Apollo vehicle could serve
eminently in the construction and supply of -
such a station. The Apollo vehicle itself will
also act as a test bed for the orbital development
and qualification of techniques and hardware
for manned lunar missions. .\s the growth of
technology permits, the Apollo spacecraft
would then form the nueleus of a manned cir-
cumlunar and lunar-orbiting vehicle for scien-
tific observations of the Earth-Moon system.
Further extensions of the Apollo capabilities to
permit actual manned lunar landing, explora-
tion, and return, would then be undertaken.
In the conduct of this nation’s space-flight
program there is much to be done and much to
be learned. In any advanced project, it is es-
pected that mistakes will be made. This is a
natural part of the business of learning. What
is vitally important to cur moving ahead in a
mature fashion, however, is that we not make
the same mistakes twice. In the complex opera-
tions with booster and space-vehicle projects,
we must take appropriate steps to share the
detailed lessons of their successes and failures.
There is a wealth of valuable experience that
could do much to increase the pace and success
of the national space-flight program if it could
be ferreted from the unreported recesses of our
many projects and effectively disseminated to
other project groups. This is not to suggest
that there has been a willful withholding of
such information, or to pretend that project
personnel are not already overburdened with
the primary tasks of sweating out each day's
direct project problems. Tt is fele, however, that
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many of these problems might be alleviated. if
each man could share the benefits of. the sweat
of others who had already labored through a
similar problem, and thereby gain the time to
pass his new experiences on to others. On the
other hand. a flood of additional documents be-
yond the deluge which already exists, does not
seems to be the right answer.

Perhaps what is really needed, as a start. is
a mechanism similar to that employed in the
aireraft field, for specifying the detailed design
requirements that have been learned through
our past experience, and is kept up to date as
additional knowledge is acquired. This might
be a space counterpart to the old handbook of
instructions for aireraft designers. .\ skillful
and adequate group of specialists working full
time on such an activity is badly needed, and
could pay rich rewards in the progressing of the
nation's space-flight programs. Much room
exists for invention of more effective methods
for interchange of vital experience, and the
problem should be attacked with a real sense of
urgency.

In summary, I would like to highlight the
following needs of our space-flight programs:

First, the aggressive development of large
launch vehicles that are specifically tailored to
the requirements of advanced manned space-
flight programs. Aireraft experience in flight-
worthiness requirements and techniques should
bhe exploited here.

Second. the intensification of research and
development etforts on the whole range of tech-
nological problems confronting rapid growth
of manned-space-flight capabilities, with special
emphasis on the evolution of new concepts and:
techniques that will minimize compromises
dictated by the need for operation in the full
spectrum of environmental media.

Third, the selection of goals for space mis-
sions that give us a large and rapid reward for
owr investments, with emphasis on designs that
maximize performance and operational capa-
bilities in space, and that ean eapitalize on
breakthronghs when and where they occur.

Fourth, a attack on  practieal
methods for the pooling of space-flight design,
development,  construetion, and  operational
experience  for the mutual benefit of all

vigorous
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PRESENT AND FUTURE OF MANNED SPACE FLIGHT

INTRODUCTION

The Administrator of the National Aero-
nautics and Space Administration, James E.
Webb, recently outlined the objectives of this
nation's space program over the next few years.
He envisioned such things as determination of
the environmental conditions in space; a con-
tinuation of the man-in-space research program
including orbital flights around the Earth, man-
ned space stations, followed eventualiy by lunar
and interplanetary exploration: operation of a
world-wide system of weather and communica-
tion satellites; the development of new power
sources, including nuclear, for use in space; de-
tection of the existence of life on other planets:
and a better understanding of the origins of the
solar system and the universe.

Furthermore, the Director recently deter-
mined that more than 5000 companies and re-
search organizations are now engaged in work
connected with space, and this effort has pro-
duced more than 3200 space-related products.
Incidentally, many of these new products can
be applied to development of supersonic com-
mereial transport aircraft.

The score card of the United States’ missions
in space as of May 17, 1961, is a most impressive
one, but the published scientific results of these
flights are far more impressive. The Soviets
have not made public the results of their highly
significant manned orbital flight.

In the 1959 Killian report on “Strengthening
American Science,” a particularly pertinent
conclusion was that “one of the dearest lessons

*Director, Lovelace Foundation for Medical Education and
Rewearch, and Chairman, Special Committee on Life Sclences
for Project Mercury, National Aeronautics and Space Asdmin-
tstratfon.

4. PHYSIOLOGICAL PROBLEMS OF MAN IN SPACE

by, W. RaNporeH_LOVELACE H® .. RS S U

Karth orbit ... .._._- {tﬁqn """"" b
Solarorbit _ .. ... {t\;i{ """"" :
Lunar impact..._.....} USSR___.__..:.. 1

to emerge from the history of medicine is that
various scientific disciplines, seemingly unre-
lated, have a way of stimulating and fructifying
each other in an unexpected manner. This com-
plex back and forth interplay is the life and
soul of science and technology. There can
never be too much of it.” This conclusion is
being proved daily in research in .aerospace
medicine.

Successful implementation of the man-in-
space research program requires close associa-
tion of scientists who are physically, biologi-
cally, and medically oriented. They can solve
problems of common scientific interest at the
basic research level. In turn, this information
can be disseminated to those concerned with the
crew’s personal equipment and to those respon-
sible for the design and construction of manned
space vehicles.

A recent statement of policy of the Oftice of
Life Science Programs of the NASA follows:

“tilization of modified Mercury capsules,
the global-tracking network, and operational
experience for a program of four in-flight
experiments of two, six, ten and fourteen
days' duration is proposed in order to ap-
propriately extend the time seale and provide
continuity of research effort consonant with
technological advances. Proper atteition to
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scientific merit and validity, as it relates to
the broadest aspects of life sciences research
for future earthbound benefits, is
emphasized.”

To accomplish the objectives of the National
Aeronauties and Space Administration, Dr. L.
V. Berkner, Chairman of the Space Science

Board of the National Academy of Sciences,

has recommended broad and extensive partici-
pation by universities and research institutions
throughout the nation on fundamental research
in space.

This presentation is concerned with some of
the areas where research is needed.

EDUCATION

In addition to utilizing to maximum eflec-
tiveness the present scientific manpower in the
United States, an accelerated program is essen-
tial to develop more outstanding space-oriented
scientists with originality and imagination.

James V. Conant and his associates found
that only about half of the students that could
benefit from advanced education are receiving
it in this country. In addition, it is not a
part of our culture and tradition, as it is in
Russia, to use women effectively for creative
careers in research. Every young individual
who has the desire and capacity to become a
scientist should be given a proper education to
lead toward this achievement.

The post-graduate - training program for
flight surgeons and life scientists and techni-
cians at. Harvard, Ohio State, and other in-
terested educational institutions should be
doubled. During the course of such training
these men will be exposed to and often partici-
pate in experiments connccted with space.

CLINICAL AND LABORATORY EXAMINATIONS

For the past twelve years the Lovelace Foun-
dation has had underway the development of a
program of special examination and evalua-
tion procedures for the determination of the
state of the physical, mental, and social well
being of preselected and highly experienced
and intelligent pilots and their crews. The
long range objective of this program has heen
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to ascertain whether or not a particular space
erew member has the capacity to live, observe,
and do optimal work in the environment of
space, as well as serve as an experimental sub-
ject and return safely to Earth. It has been
the considered judgment of aerospace medical
scientists that man can contribute scientifie
judgment and dizereitom in conducting scien-
tificexploration of 17 - -
be fully supplied by i:i: inziruments, however.
complex and sophisti..i.i they may become.
In contrast to clinical medicine, where the
stressing agent on the Luly is disease, in aero-
space medicine the stressing agent on the nor-
mal subject is the environment. This com-
bined examination and ::lection program un-
der the direction of the X.ASA was a joint effort
by the Foundation: the .Army, Navy, and Air
Force: the Atomic Energy Commission: the
National Institutes of Health; and the NASA
Space Task Group. The success of the pro-
gram is attested to by the performance of Com-
mander Shepard and his associates,

As far as can be ascertained, there has been
no previous occasion when such a highly se-
lected and technically capable group of men as
the astronauts had such extensive clinical, labo-
ratory, roentgenologic, physiologic, psycho-
logic, and anthropometric evaluation. The
combination of these disciplines, used in the
examinations and selection of the astronauts,
and the establishment of new and improved
criteria will be required in the future selection
of space crews, including highly experienced pi-
lots, physical and life scientists and technicians.

Research is also required on the effects of the
stresses of the space environment on individuals
with various illnesses and injuries that normal-
ly occur in a certain percentage of the popula-
tion over a long period of time such as would
elapse on an interplanetary mission, or on as-
signment to a space or lunar station.

The results of the tremendous research etfort
in the life sciences and the concomitant devel-
opment of new techniques and equipment in
space will alter radically the present proce-
dures used in the diagnosis and treatment of
patients, thus again demonstrating that science
serves the world by serving humanity. '

*s that can never ™
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_exemplified by the recent 60-day unt:-

BEHAVIORAL PROBLEMS

During World War II the Air Force con-
ducted an extensive research program on the
determination of the qualities of leadership and
teamwork that produced outstanding bomber
crews. . This research on air crews and simul-
taneously on submarine crews by the Navy has
continued with excellent applied results, as
- ter
nuclear-submarine cruise, where the crew lived
and worked in very close quarters harmonious-
ly and with an absolute minimum of behavior
difficulty or emotional instability. Further
research will be required to select crews of three
and more to participate in space flights lasting
from a few hours to much longer periods of

. time. There will be need for manning per-

manent space stations and lunar bases.

STRESS

An accelerated research program on an inter-
naticnal basis is needed to establish the effect of
single as well as the combined stresses in space
with respect to the following thresholds of per-
formance degradation in man, namely:

(1) Degradation from fine performance

(2) Gross degradation

(3) Gross degradation with reversible tis-
sue damage

(4) Short- and long-time degradation
with irreversible tissue damage.

Naturally, every possible precaution will be
taken by the use of protective measures and
equipment to avoid irreversible tissue damage.
Insofar as possible, such research should be
done in laboratories on Earth.

Acquisition of as much scientific information
as possible should be accomplished in Earth-
based laboratories and by the use of balloons
and rockets prior to spacecraft missions. This
is the most economical and satisfactory method.
Infermation from such programs generally
helps in developing or improving and calibrat-
ing scientific equipment to be carried aboard
spacecraft, and in interpreting the data derived
from space experiments. For example, radia-
tion cannot be seen, felt, or heard, but there are
excellent detection devices: and early warning
schemes and adequate shielding can give pro-
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tection. Prediction of solar flares would be
most helpful. Eventually, of course, there will
be orbiting space stations for the exposure of
space erews to the environment of space, the
conduct of experiments, and training pro-
grams, including rendezvous. Establishment of
permanent lunar bases will provide for an ex-
tensive training and research program.

The effect of combined stresses such as heat,

“Fotation, “oscillation, vibration, and accelera- -

tion, including changing from weightlessness
to positive g, requires research to determine
whether the degradation is additive, what the
cumulative effect is, and what the effect is on
the various systems of the body, particularly
those that have to do with the interpretation of
displays and the use of controls. Eventually,
when vehicles such as Dyna Soar are capable of
aerodynamically eflicient flight, the pilot, with-
in certain limits, can vary the physiological
stresses he and his crew are undergoing, and
will have very good control of Lis landing site.

As part of the selection program for space
crews, their tolerance to single and multiple
combined stresses must be uscertained on an
individual basis.

NUCLEAR POOIULRTCY

The future of nuclear propulsion for space-
craft is so promising with respect to the redue-
tion in the weight and size of boosters and the
amount of thrust available that a large effort
is being expended in research on shielding of
the crew. In space, enly shadow shielding is
needed. If shielding of spacecrafi is required

" to protect the crews from natural radiation in

space, including solar flares, then nuclear pro-
pulsion becomes even more attractive.

SAFETY AND RELIABILITY

The farther man goes away from Earth, the )

more difficult it is to ensure his safe existence
and return. He must live and work in a pres-
surized space vehicle in which oxygen, food,
and other requirements. and means for the ab-
sorption of carbon dioxide are provided, as well
as protection against radiation in space. On
Earth the atmosphere serves as a protective
shield.
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As time goes on and lunar landings are made,
special space suits will be required for explora-
tion on the surface of the Moon and the other
planets. The longer the mission, the greater
the requirement for vehicular reliability.

Research is under way on the basic causes
of human error with or without stress, the de-
velopment of hazard and reliability criteria for

the space vehicle and its components on a total

system basis, and the development of protec-
tive and emergency equipment.

Standby crews and vehicles will be available
in the future to go to the rescue of space crews
in case of an emergency.

WOMEN AS SPACE CREW MEMBERS

Privately financed studies are under way at
the Lovelace Foundation for Medical Educa-
tion and Research on the examination and eval-
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uation of approximately 20 highly experienced
and motivated women pilots, who volunteered
as potential members of future space crews.
The success of the WASP program in World
War IT and the outstanding record of many
women pilots since then has made us confident
that women would eventually participate in
some capacity in space flights.

These women are undergoing essentially the
same detailed and comprehensive physical ex-
amination, laboratory tests, X-ray examina-
tion, and physical competence tests as the male
astronauts had. 1In time it is anticipated that.
those that pass this test progrum will have
stress tests such as exposure to heat, cold, noise,
altitude, and acceleration. The final results of
these tests on women will be published, thus
making available the data in the medical
literature.




PRESENT AND FUTURE OF MANNED SPACE FLIGHT

S 5. LAUNCH-VEHICLE CONSIDERATIONS _

FOR MANNED SPACE FLIGHT

by JaAMEs R. DEMPSEY®

The subject of “Launch-Vehicle Considera-
tions for Manned Space Flight” is a particu-
larly timely one for several reasons. Recently
Major Gagarin and Commander Shepard have
made successful flights. There will be more
flights soon. The Air Force's Dyna Soar, a
manned orbital glider, is approaching its test
phase, and the nation is entering into the devel-
opment. of very large boosters, many of which
will undoubtedly carry manned payloads.

The launchiings that have atready taken place
and those scheduled for the near future, are
all dependent on the booster technology devel-
oped for the ballistic missile program. We
find ourselves almost constantly faced with an-
swering the question of the adequacy of such
boost vehicles in . manned operatiois. We also
ask ourselves how would boosters be different
if we were designing them purely for manned

" payloads.

There are some \ery basic factors that must
first be established, and having established
them, I believe that the answers to our ques-
tions drop out in a surprisingly simple fashion.

First, and very obviously, the job of a space
booster is to deliver a payload into an orbit
around the Earth, on a trajectory to the Moon,
or ongo a path toward a planet. Whether the
payload contains a man or not, the hooster is
assigmed the job of imparting to that payload
a velocity suflicient to accomplish a mission.
One of the tasks of the booster designer, then,
is to make certain that the booster utilizes pro-
pellants efliciently in order to keep sizes and
costs to some reasonable level consistent with
accomplishing the mission.

*Vice Presldent, Convair Divisfon, and Manager. Convair
(Astronautics) Division of General Dynamles Corporation.

Our technology has evolved to the point
where we have developed reasonably efficient
design philosophies in propellant utilization
and booster structures in terms of thrust-to-
weight matios, mass fractions, booster stag-
ing, and reduction of velocity losses due to
gravity and drag. These design philosophies,
which are now engineering principles, have re-
sulted in the kind of booster we have today, a
type that imparts its velocity to the p‘t)]md
at very high acceleration rates.

And here we begin to see the direction in
which we are heading when we introduce man
into the picture. Because the booster is an ex-
tremely high-performance system operating in
support of a very precise mission, the booster
must of necessity be under automatic control.
Man simply cannot react quickly enough.
Granted, we could consider slowing down the
booster operation to a point where man could
actually control the flight. This, however,
would result in completely unacceptable pro-
pulsion effici_ncies. The conclusion, then, is
that man is not going to be used in the control
loop of a booster. The implication here is great.
1f these conclusions are true, then there is no
need to modify the basic philosophies of
booster design to change such things as accelera-
tion, noise, vibration, and other stresses. There
is no need to change the basic control philoso-
phies that permit man to be nothing more than
a passenger during boost.

Thus, except for the job of protecting this
very valuable piece of cargo, the current basic
design philosophy of rocket-propelled booster
vehicles is already nearly adequate and suf-
ficient,

Now, what about passenger protection? Here
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again we find that we are already on the right
track and already accomplishing some of the
things we would choose to do if we had a com-
pletely free hand to start from scratch. There
are exceptions, of course, but our principal con-
cern is not with basic booster design philosophy,
but rather with considerations of safety, relia-
bility, and escape. These considerations are,

for the most part, peripheral to the basic

booster vehicle.

safety, of course. In the past in the aircraft in-
dustry, we have generally used a 1.5 safety fac-
tor in the design of aircraft. This means we
calculate the maximum stresses that are likely
to occur in the aircraft; design the wings, fuse-
lage, and control surfaces to withstand those
stresses, and then add on 50 percent more
strength in meial as insurance. In‘the ballistic-
missle business, since ballistic missles were not
designed to carry people, we reduce this safety
factor to 25 percent. The principal purposes of
the safety factor in the missile are to permit its
use under any weather or wind condition and
to provide some insurance in-the event of an
inadvertent structural weakness.

We should remember that safety fuctor means
metal, metal means weight, and more weight
means either less payload or more booster: For
the condition where the payload weight is con-
stant, a higher safety factor means a larger
booster for the same payload, ‘and consequently
more cost.

So on the basis of pure economies, we ask our-

selves whether the additional safety factor, by

itself, is worth the extra dollars.

Let’s take this discussion a step further. We
can agree that the reason for a high safety factor
is space-crew protection. Another point: Our
booster will be used for manned payloads some
of the time and for instrumental payloads at
o‘her times, If this safety factor in a new
booster costs us, say, 5000 pounds of payload,
it costs us 5000 pounds whether the payload is
manned or not. So, we are penalizing un-
manned launchings by using a safety factor re-
quired only when the system is manned. And
agmin, this weight penalty shows up in dollars
too.

If we can take this 5000 pounds and put it into
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"“We should be concerned primarily ~with”

safety equipment that applies only when the
booster is launching a manned payload, then
we've accomplished some very significant econo-
mies in space booster utilization.. This is pre-
cisely what is already being done in the
utilization of the Atlas for boosting Mercury,
the Titan for boosting Dyna Soar, and in the
forthcoming Saturn for boosting NASA's
Apolio.

We can proceed somewhat further along the

‘same” line” of “discussion. ‘In our hypothetical

boosters, we have said that 5000 pounds is what
extra safety for manned flight costs us. We can
put it into the basic booster vehicle, so that it is
aboard on every flight and penalizes us. when
we don't need it. Or we can use it in such a way
that it’s available tc us only when we have a man
in the payload. We should realize, of course,
that in neither case does this weight sigmifi-
cantly improve our capability of accomplishing
the booster mission. All it does is improve the
survival chances of the crew.

There are actually better ways to utilize this
weight in ensuring crew survival. These include
the use of redundant systems, particularly in the
electronic areas; crew escape systems, in the
event of an abort requirement; and fins for
additional stability and control, in the case of
winged payloads. Having developed the means
for introducing these at will into what is
evolving as a “conventional™ rocket booster, we
have in effect the best of both worlds. Thus, we
have an efficient booster for unmanned payloads
and a safe booster—one that ensures crew
survival—when our payload is manned.

There are, of course, other considerations to
which we must give attention when considering
the man. Again these are, to some extent,
already being handled in boosting manned pay-
loads with our current launch vehicles. * First,
we must be ableto provide the man some control
over his own destiny. The crew must be given
the opportunity to override the control and
abort network in the booster if, in their judg-
ment, an automatic system is not functioning
properly. We have already pointed out that in
the high-performance, highly precise booster,
events occur too quickly to give the man primary
control. However,.no automatic system can he
made 100 percent reliable. .\ commercial air-
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lirer, or your new ‘61 Thunderbird, will fail
occasionally.

It is certainly clear that complete dependence
should not be placed in the automatic system,
particularly where crew safety is concerned.
Override has value here in terms of crew safety
as well as for psychological reasons.

Another factor that should receive our at-

tention, particularly when we think of manned

operations as a routine thing, concerns the
bocster system, the payload and the ground
support for both. We know the effect of delays
and holds in the countdown for Commander
Shepard's Mercury flight. On two occasions he
was confined to the capsule for several hours
while handling crews made repairs on the
booster. Some delay in countdown may con-
tinue to be an unavoidable nuisance, the situa-
tion improving with our knowledge, but it will
not be completely eliminated even when we
reach reasonably high degrees of system relia-
bility. What I'm driving at here is that, when
we are considering this problem of space boost-
ers for manned operations, we have to give due
thought to more than just the booster itself.
Crew safety, crew survival, and smooth opera-
tions dictate that we give adequate thought also
to such mundane and unglamorous things as
ground handling, ground operations, and
smoothing out onr countdown functions and our
checkout procedures. All of these become im-
portant as soon as we introduce a man into the
routine.

Finally, being a part of General Dynamics, I

feel I should briefly mention the more advanced
concepts in booster technology that we in Con-
vair have been developing for well over a year
and a half. One of these concepts employs a
winged space vehicle that uses the principle of
“single-stagre-to-orbit.” This concept employs
a horizontal takeofl and landing contiguration,
a truly advanced recoverable booster. Iere we
word, a crew almost as it exists in a current
high-performance aircraft. Here the crew is
something more than a passenger during boost.
In this concept, the crew member controls the
vehicle at takeoff from a runway, probably turn-
ing the flight system to automatic control for
the trajectory-to-orbit phase of the flight.
Later he takes control again to assist the auto-
matic system in rendezvous with a satellite or
space station. He would also have control for
recovery and landing. There is not much ques-
tion that, in this new kind of booster operation,
we have much to learn about crew performance
and crew protection. We can anticipate that
this new kind of system will present some prob-
lems in manned operations that are completely
novel and some that may not be. From now
until the system is operational in the early 70,
we must learn to adapt the system to its crew
and to train a crew to operate in a completely
new vehicle environment.

And so we progress, from our work today in
boosting man into orbit, to the next generation
of advanced rocket vehicles of the T0's where,
we suspect, our crew niay once again be in active
control of the Looster system.
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PRESENT ANDP FUTURE OF MANNED SPACE FLIGHT

About five years ago 2 ¢..~in color adver-
tisement appeared in one of il:2 aviation trade
publications. It pictured 2 view from the
Moon, and the caption read: “There’s a beau-
tiful Earth out tonight.” _

That same year a Los Angzoles newspaper
quoted a Moscow radio broadcast which stated
that the Soviets believed a rocket to the Moon
could become practical in the next five to ten
years.

As recent history has shown, the Soviet pre-
diction was accurate. As for the magazine ad,
no one has yet seen the Earth from the Moon,
but there is every reason to believe that some-
one will and probably before this decade has
ended.

In discussing future space missions, I intend
to indicate the kind of capabilities we must add
to our national space aptitude. I will review
briefly where we stand today, and then outline
a few of the broad objectives we seek in our
applications of space.

Much has been said and done about space
in recent years, so much, in fact, that perhaps
our perspective has become a_bit clouded.
First of all, I think it is important for us to
recognize and accept that space is a place where
things can be done. And at this exciting
juncture in time it is the new frontier of
opportunity, waiting to be employed by the
mind-stretching talents of man. The ultimate
sigmificance of space will be determined by the
use man makes of it.

We in the Air Force are engaged with ¢he
National Aeronautics and Space Administra-
tion and with the other military sevviees in a
partnership approach, aimed at realizing in
space those scientific and military missions that

*Commander, Space Systems Divislon, Alr Force Systema
Command.
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will safeguard our democracy and benefit civil-
ization. We are all motivated by a sense of
urgency, for we recognize full well our obliga-
tions to the security of the United States
which—in this day and age—demands unquali-
fied leadership on the Earth and beyond it.

The . progress we have recorded in the past
three years has been nothing short of remark-
able. We could not have orbited 41 space ve-
hicles successfully, nor launched 167 ballistic
missiles, nor placed satellites in orbit and re-
covered capsules from them—if we as a nation
had not first put together a vast and versatile
package of skills and talents, resources and fa-
cilities, dedicated to the exploration and pro-
ductive use of space.

However, in spite of these rapid strides, we
must realize that we are still in a state of in-
fancy in the space age. QOur position is similar
to the attitude we held toward the airplane in
1910. At that time a few far-sighted people

- conceded that it might someday be practical for

man to fly, but even so eminent an authority as
the magazine “Scientific American™ looked
upon aircraft with disdain.

“To affirm that the airplane is going to revo-
lutionize the future is to be guilty of the wildest
exaggeration.,” that magazine reported
editorially.

Such #n assessment probably was valid in
terms of 1910 technology. but it did net allow
for the technological developments to come.
The dynamic progress of aeronautical sciences
and skills in the last half century has not only
carried us from the Jenny to the jet, but hax
brought us alzo from Kitty Hawk to Canaveral.
The lesson of modern history teaches that we
dare not be shortsighted nowr in our look to-
ward space.

In 1956 the Assistant Secretary of Defense
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for Research and Development said a rocket ve-
hicle capable of circumnavigating the Moon
would probably be the next step after Project
Vanguard. This forecast, while attainahle,
hurdled the multitude of problems that had to
be solved before we could hope to attain a
physical dexterity in space.

.How well we have overcome many of these
rroblems and turned stumbling blocks into
<“»pping stones is illustrated by the advances
of the last half-dozen years. In the early 50's
the X-1 was exceeding 800 mph. ILater, the
X2 soared to 100,000 feet and passed 1900
mph. But with our first intercontinental-
ballistic-missile flight in 1958 we sent a man-
made device to an altitude of 500 miles and
reached a speed of 12,000 mph. A satellite in
orbit 300 miles above the Earth travels at 17,000
mph. .

Such accomplishments required quantum
jumps along the whole spectrum of technology.
Projectile velocities, for instance, which had
been largely limited to about 2600 to 4000 feet
per second, were accelerated to 25,000 feat per
second. Solving the recntry prebliim wsant
penetration of the thermal thicket. Adv.
in guidance systems, propellants, and motal-
Jurgy had to be mated with il Ll
edge and experience in the effects of radiation
and with mechanical and electronic characteris-
tics. Management, production, communica-
tions, tracking facilities, and ground-support
equipment had to be geared to new and demand-
ing standards. The consequent result has been
the forging of a substantial base for space.

"We are now deep in the process of defining
and fulfilling the missions to be accomplished
m the development of a national space progran.
These missions, whether they may be military
or scientific, must be in the best interests of
our country. The stature of our capabilities
today cannot be measured by any one program
or any single requirement. Getting to our posi-
tion today necessitated a striking increase in
our fundamental space capabilities. To get
where we want to go tomorrow will demand
another order-of - magmitude increase in the tech-
nologies that stretch from here to infinity.

We can achieve designated space goals be-
cause we have the proven ability. But to be

LHCeS

6029550 --61-——9

vital and effective, our total space program, I
think we all will agree, must have clearcut na-
tional objectives planned according to realistic
and stringent time schedules. It must point to-
ward attainments that will accrue to the United
States the admiration of the world and that will
stimulate the imaginations of peoples every-
where. - N

There are a number of pressing requirements - - -

facing us in the fulfillment of these broad ob-
jectives. In the first place, it is essential that
we increase our booster capabilities. As you
well know, work is progressing in this direction
with the NASA Saturn vehicle, with the F-1
engine, and with follow-on booster studies now
under way. As Mr. Dempsey has indicated,
greater weight-lifting capabilities are essential
for mnanned scientific vehicles. But we in the
Air Force have an equal interest in more potent
boosters, particularly if we are to perform such
feats as sending technicians into space to main-
tain, resupply, and repair satellites.

This actually appears to he a requirement

. worthy of consideration. To be successful, of

course, such a program demands a proven ren-
dezvous capability in the dimension of space.

To satisfy the military responsibilities of our
national space program, it is essential that we
launch comparatively large numbers of satel-
lites into precise orbits and that we replace
them from time to time if repair is not feasible.
The Midas satellite system, for instance, on
which we will soon depend for early warning,
and global communications both demand mul-
tiple satellites, To fulfill these requirements,
we see a need for boosters that ean launch space
payloads in routine fashion at relatively low
cost, and that are as simple and reliable as
possible.

As a second requirement for our national
space objectives, we need to develop our overall
capability to recover objects from orbit and
from deep space. Specifically, it is imperative
that we improve our index of reliability, that
we develop maneuverable vehicles capable of
airplane-type landings at predesignated points,
and that we enhance our ability to recover at
high speeds. It must be remembered that little
or no data are available above the ballistic-mis-
sile reentry speeds, and only flight-test pro-
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grams can provide reliable data in this area. A
manned lunar vehicle proposed for use in- the
later years of this decade by NASA, for ex-
ample, will attain speeds of Zlach 37 and will
be designed to survive the higher reentry veloci-
ties that such speed dictates.

In the third place, we must step up our pro-
grams of applied research,

Looking back ten years we can recognize that
in 1951 we didn't have the thermonuclear
weapons, we didn't know about the Van Allen
belts, we didn't have adequate inertial guid-
ance, we didn't have large-thrust rocket engines
sufficient to power an ICBM, and we didn't have
transistorized equipment. These advances were
made in part because of applied research con-
ducted in the 50%s. It is apparent that our
capabilities in 1971 will depend in large measure
on the applied research programs initiated or
under way today. As Air Force Secretary
Zuckert has said, “For every system in the
inventory, we need one in development and a
third in the idea stage.”

The breakthroughs of immediate history
point to the breakthroughs of the instant future.
The real value in getting to the Moon lies in the
resultant capabilities that such an accomplish-
ment entails. When we send a man on a ]unur_,‘
mission we will be demonstrating that man is
ready and able to take his place in space—that

~ his unsurpassed evaluating, reasoning, inter-

preting, and reacting abilities will be brought
to bear on the perplexities of the space environ-
ment. Man's exploration and eventua) occu-
pation of the Moon will require iechnical ad-
vancerents which will greatly expand this na-
tion’s fundamental space knowledge. Tt will
be an ideal proving ground for demonstrating
man’s capacity to function in space and to carry
out operational techniques such as navigating,
communicating, refueling, assembling, and
docking.

Needless to say, n host of demands face us
before we venture toward the Moon. Yet we
are busy solving these problems in the course
of the Mercury program and in many of our
Air Force programs, such as Discoverer and
Dyna Soar. In the Mercury project, for in-
stance, the United States has had to develop a
lightweight flight capsule capable of sustaining
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life, that can be controlled, and that assures
safe reentry. Reliability requirements have
been stressed to the nth degree.

Greater reliability in our capacity to inject
satellites into orbit, command and control them
on orbit, and to direct them to perform elec-
tronic services in space is being proven through
the Discoverer program which—not inciden-
tally—is also yielding useful scientific informa-
tion. L
" One area in which further intensive study is
needed is that of bioastronautics. Extrapola-
tion from current biomedical knowledge plus
ground-based simulation can provide reason-
able answers for low-altitude orbital flighis of
24-hour duration. Beyond this, however, it
appears that it will be necessary to carry out a
series of experiments in space vehicles to wet
answers to such urgent problems as ambient
radiation shielding requirements and tolerance
limits for weightlessness.

Ir our quest for broader understanding of the
space frontier we are sseking to gain a foothold
in a new environment. At the same time we
hope to establish the United States in the eves
of the world us a leader in the techinologies and
the applications of space. Military people
traditionally have participated and frequently
pioneered in the great and difficult explorations
of our time, and the role of the military in the

-unfolding of space is no different—but it is

more urgent.

In learning about space we are sending satel-
lites aloft for a variety of purposes. Qur na-
tion needs information satellites, early-warning
satellites, communications satellies, weather sat-
ellites, and navigation satellies. We must
develop intraspace rendezvous and transporta-
tion capabilities. Most significantly, we must
safeguard our freedom, for only in freedom and
security can we be at liberty to evoke from
space the potentinls that exist there for man’s
future welfare and progress.

When we have translated all these aspirations
into reality, when we have traveled to the
Moon and gazed upon the universe from that
vantage point in space, I hope that we may
look upon our globe and be able to say: “There's
n peaceful Earth out tonight . . . and it is
beautiful indeed.”
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SCIENCE IN SPACE

The opportunity to speak today in the com-
pany of so many space leaders is a real honor
and pleasure. In particular, I would pay my
respects to Mr. Webb, the Space Administrator,
and to Senator Kerr and his associates in the
Senate and the House whose untiring efforts

-are devoted to giving us the most distinguished

possible space program.

One gets a little tired these days of reading =

about Russian space supremacy. To get this
matter in focus, I will discuss today one aspect
of space effort in which the United States has
the clear lead, and in which the United States
can keep that lead with properly designed effort.
That is science in space. Since, as space activ-
ity becomes more difficult and advanced, the
space effort will be limited by our knowledge of
space at any time, leadership in space seience
must soon become one of the controlling factors
in acquiring space leadership generally. Conse-
quently, we of the Space Science Board of the
the National Academy of Sciences, in advising

‘the government on behalf of U.S. science, try to

look at every future eventuality to be sure that
any lack of knowledge of space at any time in
the future will not stand in the way of a dis-
tinguished accomplishment. In this we have
had the support of the Congress. I feel confi-

dent that those additional measures that the

Space Science Board has recommended will re-
ceive early support of the whole Government.
Our activities in space really break down into

thrae categories:

(1) Science in space .

(2) Space applications

(3) Exploration of the Moon and planets
Clearly, in science in space and it space appli-
cations, the United States has won clear leader-
ship. Only in the first steps toward space ex-

*President, Graduate Research Center of the Southwest,

and Chairman, Space Relence Roard, Natlonal Academy of
Belences, -
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ploration have the Russians shown superiority,
largely because of their success in the weight-
lifting contest. But in the contests ahead, suc-
cess requires far more than mere weight-lifting
capability; indeed, success will require supe-
riority in every department.

As an aside, we might comment that the

Russian superiority in weight lifting arose from

their decision in 1952, a decision that we did
not make until four years later. So, in space, -
the laurels go to those with foresight and vision.
Therefore, we must seriously inquire now
whether there are decisions that we should be
making now that will affect our standing five
or ten years hence. Concerning science, it is
here that the Space Science Board can be of
maximum aid to our Government.

But in the meantime, we should not sell our
accomplishments short. TLet us stop for a
moment to review the accomplishments of the
U.S, space prebe, Pioneer V, which was
launched more than a year ago, and which still
holds the communication distance record of
more than 20,000,000 miles.

" As Pioneer V left the Earth, it passed through

- the two strongly ionized belts of radiation en-

compassing the Earth, known as the Van Allen
Radiation Belts after their discovery by Pro-
fessor Van Allen in the first Explorer
satellitesonly a year orso earlier. As Pioneer V.
reached the 40-thousand-mile mark, it discov-
ered a third immense ring current that sur-
rounds the Earth 8 to 10 Earth radii away.
It found that some 10 Earth radii away,
the Earth's magnetic field is bounded by the
plasmas of space, and it discovered an inter-
planetary field that seems to permeate. our
planetary system—a magnetic field having a
strength of a little less than one one-hundredth
of 1 percent of the Earth's geomagnetic field
at the surface, Thisfield, however small, repre-

125




sents very large energy potentials, since it per-
meates the vastness of interplanetary space.
Moreover, it is of immense scientific impor-
tance in understanding the interaction of the
Sun on the Earth. When the rocket reached the
6-million-mile mark, the Sun erupted violently.
In a few hours, Pioneer V radioed the message
that it had encountered the cloud of particles
that had been ejected from the Sun, particles

whose later encounter with the Earth produced

a geomagnetic storm. Associated with this
cloud, the space probe found a sharp increase
in the magnetic field in the cloud to some 20
times the undisturbed space value, showing that
the particle cloud from the Sun was a plasma
traveling at high velocity in which was im-
bedded a strong magnetic field. Soon after-
wards, the interplanetary spacecraft noted a
marked decrease in cosmic-ray intensity, similar
to the so-called “Forbush™ decreases, which
are often observed on the Earth at the time of
strong geomagnetic disturbances. Previously
it had been thought that these Forbush decreases
were caused by distortion of the Earth’s geo-
magnetic field. But this observation by the
space vehicle demonstrated that the Forbush
decreases in the cosmic-ray intensity are not
geocentric, but probably characteristic of the
whole of the planetary system.

1 mention this series of discoveries from a
single rocket probe to illustrate the powerful
character of the knowledge that ix derived from
space exploration. I venture to say that no
theoretical speculation in the absence of such
experiments could possibly predict the facts
of space as we are now finding them. Just a
few weeks ago, a space probe out -to 160,000
miles showed remarkably strong magnetic fields
at those distances and raised a whaole new series
of questions concerning the environment of the
Earth.

The importance of space research lies not just
in the simple facts that it provides: more especi-
ally, it is in the power and quality of these facts,
in juxtaposition with our more routine observa-
tions from the Earth's surface, that gives us
the coherent and orderly description of the main
events of our planetary system, and of the se-
quence of reactions initiated by the Sun on our
Garth.
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Let me try to sketch out the fascinating pic-
ture that is now emerging from our IGY studies
of interplanetary phenomena made on Earth
and in space. From time to time, the Sun’s
atmosphere—its chromosphere—becomes spotty
and turbulent. About every 11 years these
turbulent vortices, known as sunspots, reach a
maximum in number and avea, mainly in one
hemisphere. As the sunspot cyele progresses,

" the spots appear closer to the Sun's equator, as

they gradually diminish in number and inten-
sity, until there are no sunspots at all at sunspot
minimum. But then these disturbed regions
break out again, mainly at high solar latitudes,
in the opposite hemisphere, with opposite mag-
netic polarity. They increase rapidly in num-
bers until the next peak in the 11-year cycle of
solar activity is reached. So the whole cyele is
completed in about 22 years. The IGY coin-
cided with the sunspot maximum of 1937-58,
which was mainly in the Sun’s northern hemi-
sphere and had the highest activiiy on record.

As we see the Sun in the ultraviolet and
X-radiations, which can be observed only by
rockets far above our atmosphere, we see that
the active regions are very limited in area.
This activity largely coincides with calcium
plages seen in visible light. . There is some evi-
dence that these active regions may always ap-
pear in about the same solar longitudes, so that
one face of the Sun may be more active than
the other. Thus, the Sun may have a kind of
quasi-permanent geography.

A constant outpouring of particles moves
from the Sun'’s surface into space. This is a
solar wind across interplanetary space. It is
the wind that blows the comets’ tails always
away from the Sun. These particles are in-
tensely electrified near the Sun, forming the
visible corona, which with the solar wind is
stronger and more extensive near sunspot maxi-
mum. The solar winds are somewhat nonuni-
forni in direction, and their movement produces
a magnetic field and probably loeal electric
tields.  So, the whole solar wind is a plasma
whose fields and particles permeate interplane-
tary space.  \bont 40000 miles above the
Farth, the geomagnetic field equals the inter-
planetary maguetic intensity.  Here the Farth's
field must normatly be bounded by the ficlds
of space,




From time to tite, in the vicinity of sunspot
vortices, violent explosions oveur that eject
streams -of intensely hot material of the Sun
into space. These bright eruptions through the
Sun’s chromosphere produce brilliant spots that
are intense sources of ultraviolet and X-ray
radiations. These radiations strongly enhance
the normal ionization of the Earth's atmos-
phere and cause coincident radio blackouts of

v arthe This increased ionization enhances
nornml electrie currents in the high atmosphere,
thns causing a corresponding cusp in the rec-
ords of the magmetie field in the sunlit hemis-
phere. These explosions, or solar flares, also
emit dense clouds of electronically charged par-
ticles, which carry with them a strong mag-
netic field. These clouds seem to be focused
by the magmetic fields of space into remarkably
well-defined tubes or streams. These streams
move through space at about 1250 miles per
second.  Qccasionally such a stream intercepts
the Earth about-a day after the eruption. Then

it causes rather violent fluctuations in the -

strength and direction of the Earth’s magnetic
field, long known as a geomagnetic storm.
More often, these streams miss the Earth al-
together. But they can still be detected as they
flow through space by their influence on cosmic
rays, which ave bent and focused as they pass
through the streaming plasma. The direction
of cosmic rays arriving at the Earth is notice-
ably asymmetrical when they traverse nearby
streams. '

With the interception of plasma streams by
the Earth, geomagnetic storms seem to develop
in three successive phases. As the intense, fast
plasma interacts with the weak geomagnetic
field some 40,000 to 25,000 miles out, strong
electric currents are induced in the face of the
strenm. These currents cause a sharp change
in the Earth's field, known as the “sudiden
commencement™ of the magnetic storm. \s
the solar plasma piles up against the Earth's
geomagnetic field, the normal tield is seriously
distorted, for the strong magnetic field of the
plasma equals the Earth’s magmetic field at a
considerable distance inside its usual boundary.
Thus, the plasma forces its way into the auroral
zone in x ring about 207 to 25° from the geo-

-distance radio iu-the sinlit hemisphere of .

magnetiec pole.  \s the distortion spreads out
around the polar regions, incoming particles
produce auroras that appear farther and far-
ther to the south, as the geomaguetic field is
ever mowe distorted. The high atmosphere, 62
miles overhead in the auroras, is heated in-
tensely by the impacts.  Electric currents of
millions of amperes are generated around the
auroral zone and across the polar cap to form

_-the polar phase of the magnetic storm. Finally, ...

through the badly distorted and constantly
fluctuating magnetic field, the particles are
trapped in the outer Van Allen radiation belt.
Just as in the Argus experiment, particles in
this belt close around the Earth in a few hours
when they form & ring of one or two million
amperes around the equator. These currents
full off slowly in
the geomagmetic post perturbation,

Occasionally, very fine but very intense fila-
ments of plasma, whose cross section is com-
parable in size to the Earth, are encountered
before or during magnetic storms. They are
not of suflicient extent to distort the field
seriously. But the impact of these hydromag-
netic plasmas compresses the geomagnetic field
elastically. Then the field, and the ionized at-
mosphere it contains, oscillates reasonantly,
producing micropulsations in the field and the
atmosphere.

A few times near each sunspot maximum, a
particularly violent solar eruption or explosion
occurs, whose fireball of intensely hot material
is projected a million miles or more above the
Sun. These exceptional explosions propagate a
true shock wave, whose tornado-like vortex be-
low accelerates particles to a whole range of
high energies. This synchrotron type of ac-
celeration produces a characteristic type of
radio noise, designated by scientists as Type IV,
which heralds these extraordinary events. In
exceptionally intense flares, the particle ener-
gies may reach billions of electron volts suffi-
cient to penetrate the Earth's geomagmetic field
and to be observed on the Earth as cosmic rays
of solur origin immediately following the visi-
hle solar flare.  RBut in «ll intense flares with
Type IV noise, energies of hundreds of millions
of electron volts are generated. Such energetic
particles arrive at the Earth quickly, 1 to 4
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hours after the flare, and long before the slower
and less energetic but more intense plasma ar-
rives to generate the subsequent geomagnetic
storm.  These million-electron-volt particles are
not in sufficient numbers to distort the geomag-
netic field or to penetrate it. DBut they are scat-
tered downward into the polar cap, where the
nearly vertical geomagnetic field does not in-

_hibit_them. Such scattered particles cause a

prompt blackout of radio transmission over the

polar c¢ap 1 to 4 hours after the flare. ™ 7777

Now when such exceptional events occur, the
subsequent magnetic storm about a day later is
accompanied by what is known as a Forbush
decrease in cosmic ray intensity that we now
know to extend over an appreciable region of
the planetary system.

Thus, out of the previous confusion of phe-
nomena, a coherent picture of solar sources and

-~ consequent terrestrial reactions is emerging.
Heretofore in the absence of sufficient knowl-

edge, it has been unprofitable to speculate in
any detail about how a stormy Sun controls our
Earth’s environment. Now we can begin
thinking in detail about the consequences of
solar changes upon our environment.

I do not imply that the interplanetary prob-
lem is solved, but only that we now have a tight
gripon it: We need to explore and map out the
interplanetary fields, both in the planetary
plane and across it. We must measure the di-
mensions of the plasma streams and study their
characteristics. We must find how they change
with time. We can now ask a hundred sharp
questions that are derived from reasonable hy-

_potheses that our new knowledge permits us to

formulate. About all, we must ascertain the
effects of space phenomena on men who would
be space travelers, and what measures are need-
ed to protect them.

Events occur in such rapid succession that
it is hard to remember that the launching of

‘the Sputniks, the Explorers, the Vanguards, the

Luniks, the Pioneers and the first men in space
has all taken place in only 314 years. While
these preliminary exploration flights have pro-
duced scientific consequences of immense im-
portance, they are but the forerunners of an
unbelievable growth in scientific knowledge of
our environment that is certain to occur in the
next few years.
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Consider the field of meteorology. The first
TIROS satellite explored the cloud and storm
systems of the Earth in a most preliminary way
during the first 6 monthsof this year. TIROS 1
looked at a band around the equator some 50°
latitude to the north and to the south. Itscare-
fully designed optical system televised the
Earth’s surface and transmitted the resultant
pictures back to the Earth through an intricate

system of radio transmissions. These pictures
are revolutionary in their impact on the science

of meteorology. Storms can be seen readily,
and the influence of a single storm system is now
found to extend far beyond the limits that were
previously supposed. The development of a
hurricane system near Australia was watched in
detail as the system grew and moved toward the
coast. I might add that, without TIROS, the
existence of that hurricane would not have been
known. A strange and readily identified cloud
system in an otherwise clear weather area was
identified with the subsequent propagation of
disastrous tornadoes. Pictures of the cloud
cover of the Earth could be examined and
compared with measurements made on another
satellite, the Vanguard, which was mapping the
heat balance of the Earth (i.e., the ratio of
heat received to heat radiated at each location).
Surprisingly, the heat balance at a given lati-
tude was found to vary in the ratio of 2 to 1.
Regions of negative or positive balance seem to
move in which might be called highs and lows,
with lows lying ahead of the polar fronts where
high, cold clouds inhibit the radiation from the
Earth. This mapping of the heat balance over
the Earth must have most profound conse-
quences in the future development of meteorol-
ogy, since the map of heat balance represents
the distribution of input and output energy in
the giant heat engine that drives the Earth's
atmosphere in generating the storm sources.
In another year. the more advanced NIM-
BUS satellite will map simultaneously the en-
tire cloud cover and heat balance of the whole
Earth, uwsing much more advanced methods
that have been learned from the pioneering
knowledge of our first TIROS and Vanguard
flights. An inmense problem Iying ahead is
tran=lating the detailed information thus ne-
quired into a form in which the interactions
of storms one on the other can be interpreted




and predicted. Then, the information must be
transmitted in sufficient detail and without
delay to all of those whose vital activities de-
pend upon the weather. No one can doubt
that, with this vast new power to see the
weather over the whole of the Earth; man's
knowledge of meteorology will be expanded
enormously and his ability to predict the

““weather and the climate will be increased

noticeably.

Meteorology is but one aspect of the study
of the Earth by means of instrumented Earth
satellites. In geodesy, the study of the con-
figuration of the Earth itself is already devel-
oping. We have found that the Iarth is
probably not the simple oblate spheroid that
we had originally thought, but very slightly
pear-shaped. - As the shape of the Earth is de-
fined, the information has immense bearing on
its interior composition and distribution, so that
space science will react on our knowledge of
the interior of the Earth itself. More precise
geodetic experiments to locate points on the
Earth are now being readied. From these pre-
cise geodetic measurements, ideas of continental
drift can be tested, so that our knowledge of the

origin and movement of continents can be

established without waiting a millenium.

The behavior of satellites shows clearly that
the outer atmosphere is heated during the day-
light hours and spreads many hundreds of miles
outward in a huge bulge over the Sun. The
whole question of how the Earth’s atmosphere
and its magnetic field couples into the plasmas
of surrounding space remains to be explored in

much more detail, but we are already satisfied .

that, in the outer reaches of the Earth's at-

mosphere were collisions between atoms occur.

infrequently, atmospheric atoms execute a va-
riety of orbits right around the Earth, giving
us a huge number of molecular satellites.
Looking outward, rockets and satellites are
able to see the Sun and the stars in their full
range of chromaticity from the longest to the
shortest wavelengths. Man can now escape
above his absorbing atmosphere, which has in
the past restricted his view of the universe to
a single octave of light. Thus, whole new op-
portunities in astronomy are just ahead as un-
manned space observatories are launched.
Preliminary space flights have already discov-

ered spots of ultraviolet radintion coming from
defined regions in space. The origins of this
light are thought to be in clouds of excited
hydrogen gas spotted around our galactic sys-
tem. Likewise, the galactic system is being
studied from space probes in the incredibly
short spectrum of gamma radiation. .

So the study of space astrons is only be-
ginning. Space platforms of rrvat stability
are now being constructed, and doubtless in
another year or two the first great steerable
space telescope will have been put into orbit.
These space observatories will be controlled
from the Earth and will permit man to search
the heavens for new phenomena that will add
enormously to our knowledge and comprehen-
sion of the physical processes of the universe,

Before going fariher, let me cotnment briefly
on the applications emerging from this seien-
tific exploration of space. Immediately ahead
we see a multiplication of long-distance com-
munciations by a hundred times and at a fifth
of the cost. The applications in meteorology
of which I have spoken must be valued in the
hundreds of millions. Space applications in
the military field may well reduce the danger
of war, with a consequent value beyond esti-
mate. New forms of navigation will appear.
and space science will produce new industry in
a myriad of ways. So we must look at our
space expenditures as investments to be repaid
many times over in better products, services,
employment, and convenience.

To many of us, the most exciting projects
in space science lie in the now readily pre-
dictable capabilities to explore the planets.
During the preliminary flights of the past two
years, our payloads were restricted to a range
of a few pounds to perhaps a ton or two.
These were not suflicient to do very significant
lunar or planetary exploration. Certainly, a
useful result in this range of payloads has been’
the first crude mapping of the back side of the
Moon by Lunik 11.

But the next three years will see the pay-
loads on spacecraft elimbing into the range of

10 to 20 and perhaps even 50 tons. In this

range of useful payloads, a whole new vista of
planetary exploration is opened. The early
experiments will fall into two categories. The
first will be “fly boys™ [’“-“th the Moon or plan-
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ets, followed by actual orbiting of these celes-
tial bodies. In these experiments, photographs
of the surface can be taken and measurements
can be made in their atmospheres. Perhaps
daughter rockets can be landed from the orbit-
ing payloads onto the surface of the planet
from which the preliminary messages of the
character of the surface can be relayed back
to us.

Likewise, soft landings of considerable pay-
loads can be visualized. These unmanned
landings can carry a variety of instruments of
a quite sophisticated character. They can ex-
amine their planetary environment to give us
the first descriptions of the real nature of the
planets, their surface and atmosphere, and per-
haps something of the character of life that
may exist on them.

In outlining this program, one cannot under-
estimate the difliculties ahead. Perhaps the
greatest of these difliculties lies not so much in
the design of the vehicles themselves as in the
radio and electronic systems that must control
them and that must transmit back the informa-
tion. The most serious problems of informa-
tion theory and its =pplications to the experi-
mental devices remain to be solved. Just how
can one devise experiments to obtain critical

‘and definitive results in a form so that the
- information can be automatically abstracted

and coded and reduced to the extent necessary
for its transmission back to Earth within a
reasonable time? Over the immense planetary
distance, our communication problem becomes
extremely critical, for the amount of informa-
tion that can be transmitted in a given time is
critically dependent upon the weight and the
power available to provide for such transmis-
sion. Reducing the information of an experi-
ment to the essential minimum necessary to de-
fine the results clearly without redundancy will
likewise take weight. The electronie and radio
engineers must balance the competition between
the weight required to acquire the data, to re-
duce it, and to transmit it, so that overall weight
of the spacecraft is minimized. Ideally. one
would like to reduce the data to be transmitted
to a scientific paper. written by the machine
on the planet. But T doubt whether our ma-
chines will reach this level of sophistication in
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the immediate future. On the other hand, our
data cannot be so redundant as to require a
hundred years for transmission with the power
available to the planetary station.

In conclusion; I suppose 1 cannot escape com-
menting on the problem of man in space. In
discussing this problem, 1 would clearly differ-
entiate between man in orbit near the Earth;
and man in space probe traveling away from
the Earth into interplanetary space.

Already man in orbit and manned rocket
travel have been achieved. This indeed may be
a prelude to very high-speed spuace travel be-
tween points on the Earth. One might hope
that an early step would include launching of
man across the Atlantic to territories of friendly
nations, or even, by prearrangement, to terri-
tories of the Soviet Union. '

But man in true space is another thing. First
of all, our preliminary experiments have shown
that the radiations in space are intense, some-
times reaching the values of 50 roentgens per
hour. You will recall that the lethal dose of
radiation is about 400 roentgens, and at this
rate, man in space has a very short life ex-
pectancy. But presumably in time after care-
ful experiments, and with the use of shielding,
man in space can be protected. Moreover, if he
landed on the Moon or the planets, he should
have access to materials from the surface fromn
which adequate shields can bé constructed. So
with payloads on spacecraft of several hundred
tons to carry food, water, oxygen, shielding,
and the minimum comforts, man doubtless can
eventually travel into space. But with the
problems of science and engineering ahead, it
seems very doubtful whether man can make his
first useful trip from the Earth into true space
before the 1970-80 era.

Therefore, man’s first flichts into space must
be considered in the character of a training
venture, since there is very little that man can
do in empty space that instruments cannot do
better. After all, instruments can be exposed to
all of the elements that we wish to study in
space, while man must be shielded fron, the
very things we wish to observe. Thevefore, one
eannot imagine many useful duties that man
could perform on a space flight. T accnme,
of course, a substantial measure of reliability
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in our instruments that we can confidently ex-
pect in the near futuve.

But man on the planets or the Moon is an-
other thing. First of all, the response time for
signals from the Earth to an interplanetary
rocket is very long, from 5 to 15 minutes, In
its approach to a planet, a 10- to 20-minute
delay time in control response is a long time;
therefore, it will be diflicult to manipulate pre-

~cise controls from the Earth.- While instru-
ments conceivably could do the job, man will
probably be superior in controlling them.

Moreover, it is inconceivable that instruments
can be designed that can fully appreciate the
range of phenomena that can be explored. Here
man with his superior brain as the computer

+ o ———

can perhaps finally win the competition with
the instruments and demand his right to per-
form useful functions in the exploration of
space.  But, with the competition of the elec-
tronie and radio scientists and engineers in this
matter, 1 assure you that the competition be-
tween the capabilities of instruments and man
is a rough one. For it will be a long time before
man can be equipped to perform funetions that

several hundreds of tons of instruments eannot -

perform.

Yet 1 Lope deeply that man will be able to
travel to the Moon and the planets as soon as
the necessary means have been devised, because
of man's irrepressible curiosity and the courage
of his spirit.
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APPLYING SPACE SCIENCE TO COMMUNICATIONS,
WEATHER, AND NAVIGATION

' 1 ACTIVE AND PASSIVE LOW-ALTITUDE COM’\IL’N ICATION ,
s ». e SAM"LLITES ' e

by J. R. PIERcE*

“To everything there is a season, and a time

to every purpose under heaven.” Feclesiastes
3:1 :
At this particular time, T am going to talk
about low-altitude satellites, that is, satellites a
few thousand miles high, which rise and set in
the sky, rather than satellites 22,300 miles high,
which some day will hang stationary over one
point on the equator. I believe that this is a
very appropriate topic, because it is such satel-
lites that we should be doing something about
as soon as possible.

No one can doubt the urgent need for more
transoceanic conmmunication. Between 1959 and
1960, transoceanic telephone traffic increased
about 20 percent ; this corresponds to an increase
of tenfold in about 12 years. Telephone service
from the United States now extends to over 160
different political areas. Satisfactory agree-
ments for cooperation with the communication
system of each area have been worked out.
There are now telephone cables to Great Britain
and France, and to Hawaii, Alaska, Puerto
Rico. and Cuba. Cables are being built from
the United States to Bermuda, from Puerto
Rico to Antigua, and from Florida to Jamaica.
A third and broader band transatlantic cable,
to Great Britain, is planned for 1963, and a
cable between Hawaii and Japan for 1964, The
total cost of all these cables is hundreds of mil-
lions of doNars. The cables to foreign countries
are jointly owned by the American Telephone

and Telegraph Company and the communica-.

tion operating agencies of the foreign govern-
wents involved.

*hirector of Research-Conmuunications Principles, Bell
Telephone Laboratories. Ine.
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.Such experience and projects show that
neither political nor tinaneial obstacles stand in
the way of adequate international communica-
tion. The obstacles have been technical.

-Satellite communication can and will over-
come these technical obstacles and will provide
adequate broadband circuits for transocearic
telephony within the means of the telephone
systems of the world. The ultimate cost will be
considerably less than providing such cireuits
by cable. Indeed, the American Telephone and
Telegraph Company has announced its willing-
ness to pay the cost of communication satellite
experiments, including launching cost, and to
bear its share of the cost of an operating system.
When satellite cirenits are established, the.\ will
be highly valuable for transoceanic television
and data transmission as well as for telephony,
and they will be valuable for many military
purposes, just as transoceanic cables now are.

While satellite communication will overcome
the technical obstacles that have prevented
adequate transoceanic communication by other
means, satellite communication itself has its
challenging problems. Satellite communica-
tion will depend on the exploitation of two arts.
One of these is a new, expensive, and uncertain
art of space.  We can judge this art in part by
the facts that launching a small satellite today
costs several million dollars, and that so far
only half of our launchings have been success-
ful.  Of course, we expect cost per pound to go
down and reliability to go up. Satellite com-
munication ean come into being only through
this art, only through the u=ze of vehicles that
have already been developed at great cost by
the Government primarily for other purposes.
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Even alterations of existing vehicles are tech-
nically very risky as well as costly.

The other art is the powerful, mature art of
electronics. This has provided us with power-
ful transmitters, sensitive receivers, huge an-
tennas, complex computers and tracking sys-
tems, and subtle methods of reception. The
speed and success with which the Echo com-
munication experiments were carried out is an

- excellent instance of our ability to deal ade-

-antenna.

quately with electronic and mechanical prob-" "

lems on the ground.

Despite the fact that Echo’s orbit changes
rather rapidly, it has been possible to track the
satellite to within 0.2° automatically by means
of pointing directions computed from orbital
observations.

Only about a hundredth of a millionth of a
billionth of the 10,000 watts beamed at the
Echo satellite is reflected into the receiving
Nonetheless, by use of a maser re-
ceiver, which adds only as much noise as is
equivalent to a temperature of 24 Centigrade

or Celsius degrees about absolute zero, by using -

a horn-reflector antenna which does not pick up
thermal radiation from the hot Earth, and by
using broadband frequency modulation and a
special narrow-band FM with feedback re-
ceiver, which tracks the modulatior of the
signal, it is possible to provide a high-quality
telephone circuit. Telephoto and Specd-Mail
signals have also been sent via Echo, and sig-
nals were sent across the ocean to Jodrell Bank,
the Royal Radar Establishment, and the British
Post Office in England, and to CNET in
France, :

While one could make a useful satellite sys-
tem using Echo-type balloons, it appears that
for many purposes active satellites containing
microwave receivers and trausmitters would
provide cheaper and better communication.

In contrast with ground equipment, the prob-
lems of electronic and other equipment aboard
satellites are difficult and uncertain. The space
payload must dmw upon new and old arts.
Repeated operational failures show us that
there is still much to be learned. And the de-
pendability, the life of satellite electronie
equipment, is of primary importance to satel-
lite communieation.  The chief initial cost of a
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satellite communication system will be the cost
of launching satellites. Unless the life of
satellites is many years, the chief operating
cost. will be the cost of replacing satellites.
The practicability of sutellite communication
depends on obtaining long life in the novel and
hazardous environnient of space.

Most active space payloads dopend on solar
cells, together with storacw batteries, for elec-
trical power. Sunlichs 1= an energy of about
130" watts per squaie .
turn about 10 percent ur 13 watts of this into
electric power, initiuliy. I .ppears impossible
to protect solar cells ccmpletely against the
the effect of protons, which are very numerous
in the inner Van Allen belt. While the dis-
covery and exploration of the Van Allen belts
is a major scientific feat, tha extent, intensity,
and composition of the radiation have not been
carefully measured, nov their chianges with time
accurately determined. This makes our best
present. estimate of the life of solar cells un-
certain by a factor of perhaps 12.

This is the time to make radiation measure-
ments that meet engineering as well as scien-
tific needs.

Undoubtedly, long life can be attained in
space. The Vanguard transmitter is still func-
tioning after three years in orbit. This is a
remarkable achievement, but it must.be remem-
bered that this is a very simple, very low-power
transistor oscillator, and enough solar cells
were used to keep it going despite a drastic fall
in their efliciency. More complicated satellite
payloads have lasted #s long as a year (an un-
satisfactorily short life for a communication
satellite), but many others have failed after a
few weeks or a few months in orbit, and some
have failed in whole or in part during launch.
In general, we can say that it is possible though
not easy to make simple, low-power clectronic
equipment operate reliably for many vyears
without readjustment or repair.

Happily, if one uses maser receivers on the
ground, fed by low-noise horn-reflector an-
tennas, as was done in the Echo experiment, and
if one uses a wideband form of modulation to-
gether with a suitable receiver, as was done in
the Echo experiment, the transmitter power re-
quired in the satellite is small. In relaying 660
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to 1,000 telephene signals or 1 television signal,
2 watts would be suflicient either for an un-
oriented or spin-oriented satellite with a nearly
omnidirectional antenna at a height of around
3,000 miles, or for an oriented satellite at a
hexg,ht of 22,300 miles.

It is only through experiment that we gain
sure knowledge. Through the Echo experi-
ment we gained knowledge and assurance con-
cerning receivers, modulation, tracking, and

’

” ‘propagation. All of this is relevant to furthioe

satellite work. Now we need to show that we
can achieve highly reliable, long-life operation
of microwave equipment in space.

This ‘is the time to launch a carefully de-
signed, simple, low-altitude, low-power but
realistic and broadband experimental satellite.

If a 22,300-mile-high satellite is ever to sue-
ceed, its attitude must be controlled so that a
directional antenna ean point to Earth, Atti-
tude control would be desivable in low-altitude
satellites if it did not unduly incrense weight
or decrease life.

Many attitude-control schemes have boen pro-
posed. I myself proposed in 1954 that the
gravitational gradient be used. However, the
orienting moment decreases as the cube of the
orbital radius, and it is very hard to get ade-
quate damping. The force of the Earth’s mag-
netic field on a magnet suffers similar disabili-
ties. How long will spinning wheelsor gas jets
actually function? If jets are used, will some
momentary malfunction lead to permanent loss
of orientation ?

Today, no attitude-control system has actu-
ally operated at altitudes suitable for satellites,
and no system at all has operated even for a
small fraction of the time required for prac-
tical satellite communication. We can only con-

*jecture what performance may be attainable.

Now is the time to actually build an attitude-
control system that could be useful in a com-
munication satellite and to test it thoroughly.

We can't test such an attitude control system
in orbit, because no such system exists. When
one does, then will be the time to test it in orbit.

If a 22,300-mile-high satellite is to hang sta-
tionary in the sky, the initial orbit must be cor-
rected, and subsequent readjustments in orbit
will be necessary. These can be carried out by
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means of gas jets or other impulse-producing
means under radio control from the ground.
Adequately reliable equipment for this purpose
must be built and tested some time before we
decide to use stationary satellites.

I have stated that this is the time to do cer-
tain things. I will now say what we should not
do now.

We now needthe know lcdge and assurance
that _only further etpenment% can_provide.
But,if that know ledge is to be of any use to us,
we must not act so as to preclude its use. We
must-not settle on one sort of satellite system to
the perpetual exclusion of any other. 1f we do
that, knowledge can no longer help us, and no
just God would. I will go even further, and
say, now is not the time to freeze the design of
an (allegedly) operational satellite system.

The launching and experimental use of a low-
altitude, spin-oriented, broadband, long-life
satellite could add greatly to our knowledge
and assurance with respect to both low-altitude

“and high-altitude satellites.
('ommrent radiation measiwrement experi- -

ments could put firm ground beneath our now
dangling feet.

Experimental work on attitnls contral could
enlarge the range of p0‘=~1'v"zt:a*s open to us.

Al of this may lead to o 20 o
the ultimate and eidll\l\u ~ystem. DBut when,
if ever? Certainly, we could have reliable low-
altitude satellites earlier. And, it is by no
means clear that 24-hour satellites will be better
for all purposes, even when we can have them.
Let me list some of the advantages of low-
altitude satellites. )

(1) If I spoke to you via a 24-hour satellite,
I could not hear a reply for over a half second.
This would make a 24-hour satellite circuit
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somewhat inferior (we don’t know just how

much) to present transoceanic cable cireuits.
This is the time to make extensive, realistic
experiments on the seriousness of such a delay.
(2) Simple, low-altitude satellites will be
lighter than 24-hour satellites, so more can be
launched with a given vehicle. When one of a
number of low-altitude satellites is not used for
one path, it can be used for another. Tt may be
cheuaper to provide a given amount of world-
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wide communication with low-altitude satellites
than with 24-hour satellites,

(3) If one of a large number of low-altitude
satellites in random orbits fails, the system per-
formance falls off scarcely at all. If one of a
few high-altitude satellites fails, the system per-
formance is seriously impaired. A low-altitude
satellite system would be less affected by acci-
dental or deliberate destruction of satellites than
& 24-hour satellite system would be.

(4) Finally, and of inestimable importance,
it will be possible to make reliable, simple, low-
altitude satellites before one can make reliable
24-hour satellites.

The launching of a simple but realistic ex-
perimental low-altitude satellite is the proper
step toward a practical satellite system at an
early date. This should be accompanied by con-
current work on the measurement of radiation
and on attitude control and station keeping.

How fast we will really progress toward
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practical satellite communication will depend
on what we actually do and learn. To every
time there are appropriate and inappropriate
actions.

This is no time to rule the future out of ex-
istence through baseless decisions, through mon-
strous paper systems plans, through a narrow
and irrevocable commitment of the resources
that are needed for the experimental evaluation
of features and operation of various attractive
communication satellites.

This is the time to undertake a simple, do-
able, promising experiment with a realistic, low-
altitude satellite. That is what the Bell Labora-
tories are working on as hard as they can. They
are working on attitude control and the effects
of delay as well.

Insofar as we must plan beyond such experi-
ment, let us not discard the things that we have
learned we can do for things that we merely
can't prove that we can’t do.
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APPLYING SPACE SCIENCE TO COMMUNICATIONS,
WEATHER, AND NAVIGATION

2. 24-HOUR COMMUNICATION _‘SATELLITE___ SYSTEMS __.

by ELMer W. ENGSTROM®

We seem to be violating an old show business
rule that says one should never follow an act by
another act of the same kind. Dr. Pierce has

just given us an excellent account of communi-

cation satellites. I also am going to talk about
communication satellites.- Luckily, however,
there is plenty of room for all of us in outer
space. I shall take advantage of that fact by
moving out to a far greater altitude in covering
my assigned subject.

We are all aware that increasing the altitude
of a satellite increases the time it takes to com-
plete each trip around the world. When we
establish an orbit 22,300 miles up, the result is
most interesting. At this height, in an orbit

- directly over and parallel to the equator, our
satellite will take exactly 24 hours to complete
one trip around the world. During the same
time, the Earth itself will complete one full ro-
tation on its own axis beneath the satellite.
Thus, to a ground observer, the satellite will re-
main permanently fixed above one point on the
Earth's surface. '

"The 24-hour, or synchronous, satellite is
therefore of major interest to us for communica-
tion relay purposes. It offers the equivalent of
the fanciful idea illustrated in figure 1, a fixed
relay tower 22,30 miles high. The principle
is, in fact, identical to that employed in the or-
dinary relay towers that dot the landscape
around us, carrying television, microwave, and
other communication services overland. With
its immensely greater height, however, this im-
aginary tower in the form of a fixed active satel-
lite will provide a single relay link that spans
thousands of miles on the ground.

Several advantages inspire us in seeking to

——
*Senfor Executive Vice President, Radio Corporation of
America.

A RELAY TOWER 22,300 MILES HIGH

Fi1GURE 1

develop a stationary satellite relay system of
this type. One is the prospect of world-wide
service with satellites at only three locations.
Another is the greater simplicity of the ground
equipment for such a system in comparison with
lower-altitude satellite systems. But by far
the greatest advants ze, and the one which con-
stitutes our principal reason for working on
this conception, is the kind of communication
facility that can be provided only by a station-
ary satellite. With such a system we haye the
following capabilities that cannot be provided
with alow-altitude system:

(1) Any number of ground stations can make
simultaneous use of the single high-capacity re-
peater in the stationary satellite. This permits
generalaccess to the system for all users.

(2) Every ground station can communicate
with any other ground station at any time.
This means that every user can have his own
ground station, located where it is most con-
venient to him.
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(3)  Each ground station uses only that por-
tion of the system capacity that it needs for its
traflic at any given time.

(4) There is continuous, full. intercommu-
nication between all ground stations for tech-
nical and operational coordination of . the
system.

(5) The satellite repeater uses only two fre-

quency bands—one for communication from

ground to satellite, the other for cmnmumcatxon

" from satellite to ground.
These features apply to all types of proposed
service via relay satellites, including voice, tele-
printer, facsimile, data, and television services.
The broad coverage that can be achieved with
only two or three synchronous satellite relays
is shown in.figures 2, 3, and 4. In figure 2, we
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FIGURE 2

see the areas that could be served by just two
satellites. One is positioned 22,300 miles above
the South Atlantic, the other in a similar posi-
tion over the Central Pacific. Together, they
would provide links for virtually all major
international communieations areas. Through
the Alantic relay, for example, permanent links
would be provided between such scattered cities
as Buenos Aires and Oslo, New York and Cape
Town, or Miami and Moscow.

Figure 3 shows how the addition of just.one
more satellite would provide worldwide cover-
age with substantial overlapping. The service
area embraces just about all of the inhabited
land on Earth. In this arrangement, two of
the satellites are placed in slightly different
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FI1GURE 3

poqmnns 29,300 miles over the equator in the

“ Atlantic and Pacific, and a third is stationed

over the Indian Qcean. An additional view
(fig. 4) illustrates the three-satellite coverage
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more graphically. This sketch shows us the
arrangement as it appears from a point in space
directly aver either of the poles. You see how
the spacing and altitude of the satellites over the
equator provides coverage of the Earth's entire
circumference.

As you heard from Dr. Pierce, the low-
altitude satellite relay systems will require
ground -antennas that can track the multiple

satellites one after another as they move from
one horizon to the other. With a synchronous
system of this type, there will be no need for




tracking. Since thesatellite remains in the same
position relative to the ground, the ground-
station antenna will be a permanent installation
aimed always at the same spot. This meansthat
the required ground equipment for the synchro-
nous system will be substantially simpler and
less costly. There will be no need for computing
equipment to calculated orbits or for mechanical
systems to move the antennas in order to follow
satellites, : :

For the synchronous satellite we need, of
course, to develop and refine the methods to
position the satellite in a 24-hour orbit and to
assure that it remains “fixed™ in one spot rela-
tive to the ground. Also, we shall have to deter-
mine how best to keep the satellite itself in the
proper attitude. Its antenna must always be
pointed toward the Earth, and its solar-cell
power supplies must always be kept exposed
to maximum sunlight. The techniques for do-
ing these things are known, but their success-
ful application requires further engineering
development. '

Such work is now under way in the Army’s
Project Advent, which aims to place a syn-
chronous satellite in orbit. We shall learn from
this project much of what we must know in
order to achieve a successful synchronous satel-
lite communication system. We now have the
electronic know-how for a reliuble, large-
capacity repeater system for a 24-hour satellite.

With a satellite 22,300 miles away, radio
signals will take approximately 310 of a second
to travel from one ground station to another
via the satellite. This delay is of no signifi-
cance in teleprinter, facsimile, data, or tele-
vision services. We do not know, however, what
the reaction of telephone subscribers will be.
In a telephone conversation the delay means
that more than half a second will elupse after
one party stops talking before the reply begins
to reach him. Further testing is needed to
study this effect, and this testing is under way
in a number of laboratories. Somie preliminary
results have indicated that the delay is not of
a8 practical limiting nature to satisfactory
service.

Many of us feel that a major advantage of a
synchronous system will be its direct aceessi-
bility for users in all countries through their

TVWO VAY COLAUNICATION THAZUS Y SYRCHRONOUS
SATELLITE
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own ground stations. The concept is illustrated
in figure 5. With the satellite permanently in
view of major centers over a very large part of

the Earth, permanent and direct channels of .

communication can be established through
ground stations associated with these centers in
the various countries. In this diagram, the
colored lines represent channels allocated for
voice, record, or television services. In accord-
ance with the frequency allocation pattern es-
tablished for the system, each station can
maintain any required nurber and schedule of
services with the others. This is an extremely
simplified representation, since the capacity of
the satellite in our present concept would be the
equivalent of at least 1000 two-way voice chan-
nels or more, usable for telephone or record
services, or a television transmission. It serves
to demonstrate, hewever, that specific channels
would be used for direct communication be-
tween any two points in the system.

The feature of direct accessibility, available
only with the synchronous satellite system, is
extremely important. It means that the various
competing services in this country and the
national services of other countries could use
the satellite while continuing to conduet their
business as they do today. None would have to
depend upon a limited number of more elabo-
rate ground facilties owned, operated, or con-
trolled by others,

The satellite itself will be a relatively simple
and highly reliable mechanism. One concept,
which we have developed at RCJA, is shown in
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figure 8. The vehicle you see illusirzicd would
contain equipment to receive, amplify, and re-
transmit the equivalent of 1000 or more two-
way voice circuits for telephone and record
service. The satellite would be 13 feet long and
weigh about 750 pounds. Its electronic equip-
‘ment would be powered by solar cells covering
the two fins that extend from the cylindrical
main body. Sensors, solar flaps, and servo-
motors would keep the satellite and its antenna
in the correct attitude relative to the Earth and
Sun. Small jet motors, remotely controlled
from the ground, would be used when necessary
to hold its orbital position against any tendency
to drift.

To ensure uninterrupted service, we might
place these satellites on station in pairs. Thus,
the South Atlantic station you saw on the map
might be occupied by two such vehicles spaced
a short distance apart. Both could be used, and,
if one should fail, the other would permit con-
tinuing service. Another satellite would then
be sent up to restore the standby protection.

As we master the technology of synchronous
satellites, we may look forward to systems that
will provide other services. For example, we
can envision a complete broadcast transmitter
in space, providing radio and television pro-
grams directly to the homes of people around
the world. This is in contrast to our contem-
plated relay systems, which retransmit only to
ground stations for rebroadcast. An example
of this concept is shown in figure 7, illustrating
how a broadcast originating in, say, a studio in
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Liberia, could be broadcast directly to individ-
ual receivers over a large area of central
Africa. The example indicates also the poten-
tial importance of such a system for wide areas
in which there is an emerging need and desire
for instruction and information. The equip-
ment in the satellite would be the equivalent of
the transmitter we use today to send a signal
from a high building or tower to the homes of
viewers or listeners over a wide area. This re-
quires more powerful and heavier satellite
equipment, of course, than does the communica-
tion relay function we have been discussing.
Thus, the prospect of broadeasting directly from
the satellite to individual home receivers is
considerably farther away in time than is the
relay system—but we should begin now to con-
sider the possibility.

Satellites for broadcasting might not be of
direct interest to commercial organizations for
the type of programming with: which we are
familiar. However, the method should have
real attraction as a means of education. This
would especially true over areas where radio
and television broadcasting is not now, and is
unlikely soon to be, well established. Over large
land masses, the problem of language differ-
ences would call for special care in scheduling
both for geographic coverage and program-
ming. Here, then, is a service the United States
might consider pioneering for the benefit of all
nations. The result could be a vastly powerful
tool of education to be used in the cause of
world peace and human progress.
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APPLYING SPACE SCIENCE TO COMMUNICATIONS,
WEATHER, AND NAVIGATION

3. A REVIEW OF INDUSTRY PROPOSALS FOR SATELLITE

-~ COMMUNICATiON SYSTEMS -~ .

by HEeRBeRT TROTTER, Jr.°

The satellite systems that have been proposed
by industry fall into three types:

(1) About 50 satellites in random polar
orbits at a height of 2000 to 8000 miles, de-
scribed by Dr. Pierce.

(2) Ten satellites in precision equatorial
orbits at a height of 6000 miles with precision
station keeping so they maintain equal spac-
ing around the equator.

(3) The 24-hour or stationary orbit at
24,300 miles as described by Dr. Engstrom.

In their proposals to the Federal Communi-
cations Commission, the companies answering
the inquiries had & variety of methods for the
technical operation and business maniyoment
of a worldwide satellite system:

(1) A. T. & T. proposed that tieir raiivia
polar-orbit system be jointly owned by the U.S.
international communication common cavriers
and their counterparts abroad. The U.S. own-
ership would be divided according to the esti-
mated use by each of the participating carriers.

(2) The General Electric Co. proposed that
the ten station-keeping equatorial satellite sys-
tem be a joint venture owned by interested com-
panies with no company owning over 10 or less
than 3 percent. Their system would allow five
ground statioas to talk to each other through
one satellite. The twelve channels through
each satellite allow four 252-voice channels and
eight 24-voice channels.

(3) General Telephone & Electronics pro-
posed a highly flexible worldwide communica-
tion system having the characteristics that

(a) Each ground station is capable of com-
municating with every other ground station.

(b) Each two-way communication channel

ePresident, General Telephone and Electronics Laborato-
ties, Inc.

through the satellite can be used by any pair
of Earth terminals.

(c) Channels are -allocated to customer
common-carrier companies only as the de-
mand for service requires.

They proposed the formation of a commer-

cial satellite communications company to be
owned by all existing and future domestic
and international U.S. communications common
carriers that elect to participate with avail-
ability for use by all, regardless of ownership.

(4) Hawaiian Telephone Co. wants to par-

' ticipate financially in the system that will

serve the Hawaiian Islands.

(3) International Telephone & Telegraph
proposed that ownership of the system be in
proportion to use but with right to lease fucil-
ities if ownership is not desired.

(6) Lockheed proposed a satellite system
identical to General Telephone & Electronics.
It proposed “Telesat,” a “common carrier’” con-
cept with ownership by three groups:

(a) C.S. Common carriers. ‘

(b) Other private industrial and commer-
cial companies.

(c) The general public.

(7) Press Wireless proposed that each U.S.
international communication earrier should be
allowed to use satellite either by lease or
purchase. <

(8) R.C.A. proposed the staticnary satel-
lite system with each U.S. carrier and each
overseas administration owning its own ground
stations and allowed to operate through the
satellite.

(9) Western Union Telegraph Co. proposed a
joint common carrier owned by ‘private indus-
tries and providing service to each common

carrier through their ground connection to the -

satellite base.
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APPLYING SPACE SCIENCE TO COMMUNICATIONS,

WEATHER, AND NAVIGATION

©

4. THE ROLE OF THE FEDERAL COMMUNICATIONS COMMISSION
'IN COMMUNICATION SATELLITES =~

by T. A. M. CRAVEN®

The world presently is standing on the
threshold of one of the most significant achieve-
ments that mankind has yet conceived in the
field of long-distance communication; namely,
worldwide radio communication through the
use of satellite relays.

Through the combined efforts of industry and
government, the United States, already pos-
sessed of the most efficient and progressive com-
munications system in the world, stands poised
to throw the combined ingennity and resources
of industry and Government into the establish-
ment of an international satellite radio com-
muynication system that would provide direct
communication between this and all other
countries and, at the same time, be susceptible
of use by all other nations for communicating
among themselves.

The Federal Communications Commission
has delegated to me the task of spearheading
the industry-FCC endeavor to institute such a
worldwide satellite relay system at the earliest
date possible, and you can be assured that my
efforts, as well as those of my personal staff
and other Commission employees who constitute
the FCC Space Team, are directed toward the
licensing of a private organization which, it is
hoped, will be ready soon to go forward with
the research and development phase of the pro-
posed radio communication system.

Many, if not all of you, are aware that the
Comumission is not the only arm of the Govern-
ment involved in the establishment of this new
system of international radio communication.
The Departments of State, ] Yefense, and Justice,
as well us the Nationa) Aeronautics and Space

eCommissfoner, Federal Commuunications Commizslon.
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Administration, and The Office of Civil and
Defense Mobilization also are playing a large
part in the establishment and operation of such
a system. However, time does not permit me
to go into various questions which concern these
branches of the Government, except insofar as
I may touch upon them tangentially as T dis-
cuss the Commission’s role in the establishment
of an international radio communication system
using satellite relays.

The Federal Communications Commission
is responsible for the administration of the
Communications Act of 1934, as amended, the
primary purpose of which is to make available,

“us far as possible, to all the people of the United

States, a rapid, eflicient, nationwide and world-
wide wire and radio communication service,
with adequate facilities at reasonable charges.
To this end, the Act directs the Commission to
keep itself informed as to technical develop-
ments and improvements in wire and radio
communication so that the benefits therefrom
may be made available to the people of the
United States, and to study new uses for radio,
provide for experimental uses of frequencies,
-and generally encourage the larger and more
effective use of radio in the public interest.
Further, the Communications Act gives to the
Commission exclusive jurisdiction to authorize
all nongovernment radio operations in inter-
state and foreign commerce through the issu-

- ance of construction permits, station licenses,

and certificates of public convenience and neces-
sity, upon finding that such operations are in
the public interest.

The Commission, in accordance with its statu-
tory responsibilities, has kept pace with, and




acted in response to, the rapid developments
in the new technology of space satellite relays
for radio communication between points on
Earth. It believes that the earliest possible
realization of technically and commercially
feasible space communication systems for use
by the public will not only demonstrate the
advantages such systems offer to us and the

“other nations of thé world over conventional =~

means of communication, but will also demon-
strate to the world our leadership in the appli-
cation of space science to peaceful and practi-
cable ends.

These systems, which the Commiission believes
will be of most value initially in intercontinen-
tal comnumications, will relieve the present con-
gestion in the radio spectrum. The much-
needed additional capucity they promise to af-
ford will be available to accommodate the
rapidly increasing growth of commercial com-
mon-carrier communications. Their technical
characteristics will also permit institution of
new services, such as wide-band data transmis-
sion and intercontinental television relay.

The Commission has been devoting consider-
able effort to a resolution of the problems in-
volved in the realization of commercially oper-
able satellite communication systems. Qur ac-
tivities in this field reflect our conviction that
such systems will and should take their place
within the framework of our free-enterprise
system, under which public communication fa-
cilities are owned and operated by private com-
panies subject to government regulation. The
merits of such a policy have hgen amply demon-
strated by the record of achievements attained
by our communications industry in providing
a high quality of service at reasonable charges
to the public.

The launching of the communication satel-
lites into orbit will, of course, require the co-
operation of the National Aeronautics and
Space  Administration, otherwise known as
NASL, which also has a significant role in the
research and development work on communi-
cation satellites. The Commission and N ASA,
cognizant of the need for mutual cooperation,
have jointly signed a memorandum of under-
standing, setting forth certain conditions of
fact and policy guidelines.  Each las agreed
that the earliest practicable realization of a

commercially operable communication satellite
system is a national objective, and each has
agreed to conduct its respective activities with
a full exchange of information so as to acceler-
ate necessary research and development and to
coordinate governmental actions necessary to
attain the national objective. ‘

As I have indicated, the Commission is also

‘working with other bodies, governmental and

nongovernmental, which are concerned with
the new space technology. Thus, for example,
it has participated in the work of an ad hoc
committee, of which I was Chairman, in draft-
ing policy recommendations on space communi-
cation systems for the Telecommunications
Coordinating Committee (TCC) of the De-
partment of State.

The Commission is also participating in the
work of the International Radio Consultative
Committee (CCIR), with other United States
representatives in studying the international
aspects of the technical side of space radio re-
quirements. These studies will result in recom-
mendation to the CCIR's plenary meeting at
New Delhi in January 1963. The work of the
United States representatives, under the
sponsorship of the Department of State, is pro-
ceeding on a broad front and is scheduled to he
completed well in advance of the scheduled
meeting in order to provide adequate time for
circulation of our views abroad.

There are, of course, problems presented by
the new space science that must be resolved be-
fore a-commereial space satellite communication
system can become a reality. The Commission
is doing all that it can to aid in a resolution of
these problems as rapidly as possible. In this
connection, certain of our actions and activities
appear worthy of mention.

In early 1957, the Commission recognized the
need for international agreement on the alloca-
tion of spectrum space for space satellite com-
munieation and other related space communiea-
tion funetions.  Accordingly, it undertook, in
conjunction with the Department of State and
other government agencies and interested seg-
ments of the communications industry, exten-
sive  studies  that  ultimately led to the
formulation of space communication proposals,
whicl were presented at the 1959 International
Adninistrative Radio Confervnce in Geneva.
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A feeling, not shared by the United States, gen-

erally prevailed at the conference that too little

was known at that time about the actual needs

of an operable space communication system to

warrant the allocation of wide bands of spec-

trum space for operational space communication
. purposes. Nevertheless, inspired as it was by
_the initiative and urging of the United States,
the conference did make available, on a shared
basis, certain frequency bands for space re-
search. In addition, the conference recognized
. the necessity for the International Telecom-
munication Union (ITU) to provide adequate
frequency allocations for all categories of space
radio communications at the earliest practicable
__ date. Accordingly, it adopted a resolution that
provides for the convening of an Extraordinary
Administrative Radio Conference tentatively
scheduled for the latter part of 1963 to consider
the allocation of frequency bands required to
support both research and operational phases of
the various categories of space radio communi-
cation, Since the adjournment of the 1959
Geneva Radio Conference, the Commission has
been actively engaged in preparatory work for
the 1963 Extraordinary Conference.

In this regard, the Commission, in May 1960,
instituted a formal inquiry looking toward the
formulation of proposals to be made by the
United States at the conference. The issues in
this proceeding include the feasibility of shar-
ing Earth-space-Earth and space-space fre-
quencies with existing fixed and mobile opera-
tions, the amount of spectrum space required for
the various space communication functions, the
most desirable portion of the spectrum within
which such functions can be accommodated, and
the degree of protection from harmful inter-
ference required by each such function. Re-
sponses have been filed by a large number of
interested parties and are currently being
evaluated. .

Thus far, most of the Conimission’s recent
work on proposals for radio-frequency alloca-
tions to support the space program has been
done in consultation with the Office of Civil and

- ellite relay basis. Thereafter, we anticipate

Defense Mobilization (conveniently referred to

as OCDM) and the Interdepartment Radio Ad-
visory Commiittee (otherwise known as IR\AC)
on a security classified basis. Tt is expected that
very shortly we shall be in a position to publish.
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for industry comment, & comprehensive first
proposal on the kind of frequency support for
which international agreement appears to be
necessary, if the full benefits of space tech-
nology are to be made available to all the
peoples of the world. Specifically, the propos-
als deal with allocations for space research,
weather satellites, and communication on a sat-

that parallel recommendations will be made to
the Department of State by this Commission
and the OCD), for the purpose of circulating
our views abroad. The objective is to secure
the widest possible area of agreement among
the Administrations that are members of the
International Telecommunication Union well in

advance of the convening of an international

conference on frequency allocations for space.

In. addition to work being done on fre-
quencies, the Federal Communications Commis-
sion is encouraging experimentation hy private
industry to develop constructive technical infor-
mation in furtherance of the country’s overall
space program. In recent months the Commis-
sion has granted experimental licenses to the
Collins Radio Company, the Federal Telecom-
munications Laboratories Division of Interna-
tional Telephone and Telegraph Corporation,
and Westinghouse Broadcasting Co., Inc,
authorizing the bouncing of signals off the
Moon and/or manmade passive satellites for
basic research and study. The American Tele-
phone and, Telegraph Company has been
granted an authorization to conduct an experi-
mental program with active satellites. ' Pending
in the Commission at this time are several ap-
plications for authorizationsin the research and
development phase of the proposed satellite
radio communication system, and early this
month a subsidiary corporation of General
Electric Company applied for a license that
contemplates the establishment of an opera-
tional service as distinguished from an experi-
mental one.

In addition to the technical considerations
that relate to space communications in general,
there are legal, administrative, and regulatory
problems relating specifically to the suthoriza-.
tion of commercially operable communication
systems on which the Commission is working
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in cooperation with the industry and other gov-
ernment agencies.

The Commission’s most immediate and vital
concern in this area arises from the likelihood
that it may not be feasible to have more than
one or a limited number of commercial satellite
communication systems, because of the substan-
tial capital investiment required and limitation

-of spectrum- space available to accommodate

several systems. This raises a problem as to
the manner in which such a system or limited
number of systems can be accommodated with-
in the Commission’s policy of fostering benefi-
cial competition in the international communi-
cation field and within the antitrust laws. The
Commission, believing that prompt considera-
tion of this problem would avoid delays in the
establishment of commercial communications
via satellites, instituted a formal inquiry so-
liciting views as to the best method of insuring
that international communications common
carriers, and others, participate on an equitable
and nondiscriminatory basis in a single or lim-
ited number of satellite communication sys-
tems. Views were also solicited as to the legal-
ity of the suggested method ; the Commission’s
power to require such method; the extent to
which participants in the plan would be sub-
ject to the Commission’s jurisdiction: and
whether respondent intended to participate in
such plan.

It is the Commission’s expectation that a res-
olution of the questions involved in this pro-

ceeding will establish criteria governing, in this .

respect, the future authorization of space com-

e e e

“tions or arrangements.
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munication systems for commercial use. The
establishment of such criteria in advance of the
issuance of authorization will aid private en-
tities interested in the development and oper-
ation of such systems. Knowledge of the Com-
mission’s requirements as to participation in
such systems should encourage them to proceed
with the formation of appropriate organiza-

encourage further use of private capital in the
development of space communication systems.

Since the administration of the antitrust laws
by the Department of J ustice is involved, the
Commission believes that coordination with the
Department will facilitate consideration of this
matter. It has, therefore, established liaison
with that Department, which has indicated its
willingness to cooperate, S0 that views may be
informally exchanged on the matter, where
proper.

Responses to the inquiry and reply comments
already have been filed. Analysis thereof is
under way and it is expected that the Commis-
sion, after filings are complete, will shortly
take further steps in this matter.

Precisely what these steps will be T am not
in a position to say, but it is the Commission’s
aim to discharge its responsibility in this regard
at the earliest possible date, and T assure you,
as the Commission’s spokesman with respect to
this matter, that T will do everything in my
power to make certain that there will be no
unnecessary delays on the part of my agency
in the licensing of a satellite radio communica-
tion system.

7

This should, in turn,




.APPLYING SPACE SCIENCE TO COMMUNICATIONS,
WEATHER, AND NAVIGATION

5"IMPLICATIONS ‘OF COMMUNICATIONS SATLLLITES TO THE
U.S. INFORMATION AGENCY

by Epwarp R, Murrow®

I have looked forward with keen anticipation
to this meeting—not for what I would say but
for what 1 would learin. I have listened with
interest to my fellow panelists, and the enlight-
enment of their remarks only reinforces a con-
clusion I just stated: namely, that I am out
of my league. Your participants these two
days have been drawn from impressive scien-
tific backgrounds, top administrators from
preeminent institutions, all with their eyes
trained on the heavens. I bring credentials
primarily as a reporter: my background in sci-
ence is confined to the one techrical conclusion

‘that T was able to wring from 25 years of

broadcasting: namely, the long waves are in
fact short and the short waves ave long.

I have traded my microphone for a meeting
table. The change has been invigorating. But
I might question your premise that because T
now reside on the new frontier of politics I am
therefore qualified to speak on the next frontier
of space. I read your purpose in this confer-
ence as being “to bring together an array of
some of the best minds in space and related
fields.” 1 feel myself at best a distant, though
1 hope respectful, relation. In your array of
dazzling minds in space I feel my own lustre

appropriately dimmed by the company in which

I stand.

At the risk of being lho one rocket on your
panel that fails on the pad, T'm going to assume
the role of the Socratie interlocutor. 1 do this
in no sense to doubt the necessity of the pro-
gram but rather to propose certain questions
for discussion by experts.

*Director, United Statex Information Ageney,
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The most incisive letter I ever received in a
quarter century of newscasting was a missile-
like missive from a lady who had long listened
to me but wrote: “Not only do you not tell
me anything important but you don’t even ask
me interesting questions.” I hope at least to
ask some interesting questions.

I would speak to you today not as the head
of a technical agency but as a person identified
with the problems of policy and the feelings of
people. I share with you an excitement ahout
the future. Communications systems in space
can help unburden communications systems on
Earth. Subways and highways will continue
jammed, but at least while waiting for com-
muter routes to unclog we may someday be
able to watch live the latest TV from Europe.
Broadeasting, of course, is the main reason our
Agency is watching developments in space.
Whether done directly or by point-to-point re-
lay, we have a large and obvious stake in any
improvement in bombarding the world with
words and music and pictures.

And that is precisely the point. We can or-
bit our rockets and transmit our broadeasts, but
in the end we still deal with the basic elements
of human communication: words and pictures.
Space satellites will not make it any better: it
will simply diffuse it over a wider area.

On a basis of policy, politics. and content.
space communications will not solve the funda-
mental problem of communications, one that
has haunted man since time immemorial: What
is he to say and how is he to say it? A com-
munieation system—even one in space—ix to-
tally neutral. Batteries and wavelengths have




no vocabulary. A transmitter whether on the
Earth or in the atmosphere does not know what
to say. Communication systems have no con-
science, only a history. They will transmit
both filth and inspiration with equal facility.
The mistakes—and they will abound as much
tomorrow as they do today—will still be made
by humans.

With apologies to my fellow panelist from

-the F.C.C,, Mr. Craven, I suggest that here is
“where the “wasteland of television™ speech by~

Mr. Newton Minow imposes itself on our
thoughts. Even beyond that wasteland, do we
really want the world, without the context of
background knowledge, to see TV covering the
bloodlettings and bus burnings in Alabama?

Space satelhtea will neither solve our dilem-
mas nor salve our conscience. Television and
radio are still television and radio, whether sent
from a tower 300 yards away or a satellite 500
miles above,

But even beyond our sins of socle() there are
grave matters of international policy. Any
svstem, I take it, by its nature must be global.
One does not send a signal to a satellite and
have it die there. There must be a terminal
point in another country. Like Pandor:
glimpsing inside her box, the problems begin
We must- in sotne cases at least use
facilities of other countries. How? Shall we
dv it by agreement with them? Broadeasting
needs  frequencies. In developed countries
these frequencies have been distributed.

There may be a major problem of finance;
who pays for the system? Participation by
many smaller nations may involve an outflow
of hard currency when they can ill afford the
loss of international exchange. The problem
then becomes a mixture of the engineering, the
legal, the political, the financial.

There is another international barrier that
is at least worth mentioning: the difference in
international broadeast standards. Television
in the United States is different from Tele-
vision in England, Russia, and France. Stand-
ardization has great merit, but a nation's
individual standard is precious to it. Besides
the bald element of national pride, control of
standards mean, as I understand it within cer-
tain limits, control of what people see and hear.
This would bring us in conflict not only with

Tl

- Both have good arguments.

other countries but even with ourselves. What
American engineer, for example, would recom-
mend overhauling U.S. television production
standards to gain international compatibility?

In the field of space satellites, international
amity must be based on domestic unity. And
domestic unity about space communications
seems to be somewhere on the horizon. There
are at least three major policy areas upon

-which agreement must be reached.

~One; shall “the space system be Government-
or private enterprise? The problem has been
ingrained in our past and is probably ordained
for our future. Even if a decision were made
for private enterprise, the capital requirements
are so enormous that there would have to be
some Government participation.

Two, shall the system be military or civilian?
Space communi-
cations can have endless military purposes;
what national leader would deny its use for
defense of our democracy? But I mentioned
earlier that we must have the cooperation of
other countries. If the system is military, will
this make it unattractive in convincing other
countries to participate?

But we don’t solve these problems by opting
for a civilian system. There are still Govern-
ment needs for security and national defense.
Further, should only one communication car-
rier run the system and lease facilities to other
carriers? Or perhaps to be fair we should let
the companies merge to form one surviving car-
rier for international communications.

Three, underwriting the cost. Will we make
the system pay its own way abroad, subsidize
it in part, or give it away free? Although
foreign cooperation is important, many coun-
tries cannot afford the cost of a satellite
participation,

Comnunicating around the world is expen-
sive. To the extent communication costs are
high, the free flow of information is hindered.
If costs for a satellite system are higher, which
now seems reasonable, the flow of information
will be hampered even more.

Al of which brings me to the uncomfortable
subject of paying the bill. FExperts agree on
only one thing: The astronomies of space be-
come the astronomies of money, Reyond that,
estimates diverge like forks in the road.

149




It is here that T make certain emphasis for
our Information Agency. A system of com-
munications satellies will be meaningful for
our Agency only if it is a cheap system. We
cannot squander millions for the novelty of us-
ing a new satellite system. On our Agency
budget we must staff and maintain over 200

posts in nearly 100 countries around the world -

and carry on a range of highly diversified
activities.

Satellite communication will be an nddmonal
system of communications. Not a completely
new system, but an additional one,

We will still broadcast standard-band radio;
there will still be normal broadcasting of tele-
vision. The satellite system will be an expan-
sion and expensive, but it is unlikely to be a
replacement. B

There is & further problem in the power sys-
tem to be used. How does one send the best
signal to a satellite and then back to Earth!?
We must be competitive in our broadcasting.
People will not listen to or watch a signal if
that signal is weak or distorted. They will
turn to the signal offering the best quality of
reception. There must be good transmission,
consistently every day of the week, every week
of the year.

There may be another issue worth discussing.
Let us call it the “gimmick value™ of the satel-
lite.  When a person can receive our radio on
normal broadcast bands, and TV over normal
broadeast channels, why should they ever bother
looking or listening for the same programs
merely because we have beamed them via satel-
lite? For the first few weeks it may have the
gimmick value of inducing an audience. But
when the honeymoon is over and our marriage
between programming and audience has settled
into its day-to-day monotony, satellite broad-
casting may offer little more in any areas than
we offer today.

We have flown Commander Shepard's Mer-
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Brondcnstmg is onl) one of thme
-activities. - - - T

cury capsule to the United States exhibit at the
24th International Air Show at le Bourget in
Paris. There over a million people at the
world’s largest international exposition on
aviation and space will see this symbol of the
latest American space success—and this on the
very site where nearly a generation ago a slim
lad named Lindbergh landed his “Spirit of St.

Louis” after another historic flight over the"
‘Atlantic.

One assessient we will h.ve to make is how
we choose to shape our lives and our fortunes.
This generation of Americans has no monopoly
on problems. They abound abroad. Over
much of this globe there are unfed bellies and
tired bodies that will turn to our satellite sys-
tem with but marginal interest. The grind-
stone of poverty will still be the lodestone of
policy. It would seem the level of living would
be & relatively high priority for this generation
to face. Maybe schools and sewers in certain
developing areas are more important than
satellites.

I have come today not to doubt your hopes.
If we would do this job, there is much to con-
sider.
risk. I once knew a man, who in the twilight
of his colorful career would flee into the house
when an airplane passed overhead; when asked
why, he would respond: “Someday one of those
things'll drop a2 monkey wrench.”

I suppose that there may be monkey
wrenches dropped in this vision.

I pick no quarrel with a dream. And the
hope of a world system of communications with
satellites may be a dream worth the trying.
But history will record that there were more
people than there were nations, and more
dreams than there were people. Not all of those
dreams could be delivered to reality. It may
be that the history of our day will be decided
by what dreams we choose to deliver. The
issue, gentlemen, is not how we deliver it, but
what our delivery has to say.

There is hard work as well as harsh -




APPLYING SPACE SCIENCE TO COMMUNICATIONS,
WEATHER, AND NAVIGATION

6. INTERNATIONAL IMPLICATIONS OF GLOBAL COMMUNICATIONS

“~'VIA SATELLITES

by PHiLip J. FaRLEY®

Communications satellites as they regularly
circle the globe will be inherently international.
They will provide a new technological means of
overcoming the long distances across the oceans
and of communicating between continents and

~ among nations. They can encourage the geo-
graphic pattern of communication to become -

truly global. They should facilitate direct
communication between countries and alleviate
to a considerable degree the present require-
ment to pass through third countries. The
impact of communications satellites will thus be
international, and the public they serve will be
an international one,

There are a number of ways in which an
operational communications satellite system
could be designed to make it most responsive to
the interests of the world community. It is
the spirit of the U.S, space program that
nothing less than the optimum objectives will
satisfy us. In this spirit, the most useful

- features we can envisage, and nothing less,

ought to be the criteria for what is acceptable
in space communications,

Let us look at some of the criteria of an
internationally useful satellite system.

A first criterion is opportunity for other coun-
tries to have access to the system. The system
should be designed with a view to offering as
soon as possible service to the broadest area of
the world. It should not cover merely the areas
of heaviest traffic. Nations wishing to make
use of the satellite system not only should have
ready access to it, but also should be afforded
2 share in its ownership and a voice in its
operation if they wish. A truly global system

*Special Assistant to the Secretary of State.

must be one in which many nations feel they
have a stake,

In designing the system, special weight
should be given to design characteristics that
will facilitate global coverage and use by coun-
tries with a small volume of traffic. The mini-
mum price of admission to the system should
not be an elaborate ground facility far exceed-
ing the prospective volume of traffic. This
consideration will have special interest to the
small and developing countries, since they are
faced with the problem of balancing their
arrangement for external communication
simultaneously with the growth of internal
communications capabilities. They can be
expected to have an interest in the system, how-
ever, since it will offer them a new and ready
means of establishing links with the outside
world. Clearly we should from the outset
avoid thinking of this as a United States-
oriented system; we should think of it as a sys-
tem that could potentially meet the needs of
all countries whether to communicate with us
or to communicate with each other.

A criterion that has political as well as tech-
nical force is the need for maximum economy
and efficiency in the use of the frequency spec-
trum. The prospect of relieving the mounting
pressures on the frequency spectrum, in han-
dling a greatly increased volume of traffic of
various kinds, is one of the generally recog-
nized potential benefits of satellite communica-
tions. However, different approaches to com-
munication satellite systems vary in the degree
to which they consume or conserve frequencies.
We should favor designs that conserve rather
than abuse the frequency spectrum.
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We in the State Department, and particu-
larly my colleagues in the Telecommunications
Division, have a special interest and responsi-
bility in this regard. The Department is look-
ing forward to an Extraordinary Administra-
tive Radio Conference to be held under the
auspices of the International Telecommunica-
tions Union (ITU), possibly in 1963, for the

purpose of allocating frequency bands for space -

activities. - Allocation of adequate radiofre-
quencies for communications and other space
activities is dependent on a favorable outcome
of this conference. Our chances of such a fa-
vorable outcome will be greatly enhanced if
the space communications plans which the
United States is taking the lead in developing
are reasonable botl in their anticipated use of
frequencies and in the benefits such use will
bring to the other countries who will join in
the allocation decision.

A related consideration is the design of a
system that will avoid interference between
users of satellite relays, between space and
ground communications, and between space-
relayed messages and other command and track-
ing communications between the Earth and
satellites.

A quite different need is a prompt decision
to proceed to ‘establish an operating satellite
communications system. In addition to the
basic desirability of getting ahead with this
useful program under U.S, leadership, there
is the international consideration that other
countries should have a reasonably firm plan-
ning basis in forecasting their long-term com-
munications needs and ways of satisfying them,

so that they can work effectively with us in

plans for satellite communications,

A related and to some degree offsetting cri-
terion is the importance of designing the initial
operational system in a way that will facilitate
expanded future satellite communications op-
erations. It is desirable to fix on design of an
operating system promptly, but e.\rly avail-
ability should be matched with maximum use-

fulness, both in the short term and as one looks

ahead to ultimate wvequirements for space
comniunications,

Another criterion of an operational system
should be its availability for international
publie-service applications. The kind of thing I
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have in mind is emergency international peace-
keeping or relief activities by the United Na-
tions or other responsible organizations. .
another example, there niy well be speci ial re-
quirements for . communications services for
such functions as the collection and dissemina-
tion of meteorological data (including the great
new body of weather data that may be made
available from meteorogical satellites). Should
effective arms-control agreements be reached,
tha inspection operations that would be carried
on would have special requirements for rapid
and reliable communications, often from spots
not readily accessible to existing communica-
tions nets.

I would like, in conclusion, to call attention
to the genuinely liberating and constructive
effect this technical achievement can have on
human affairs. Often we are more conscious
of the obstinacy or even malignaney of the
gadgets men have built and become dependent
on. I am told that this contrariness is particu-
larly recognized in space launchings, where it
has been forinulated as Murphy's Law: If any-
thing can go wrong, then it will. The law is
of course equally familiar to all householders
who have tried to start a balky power mower.
But actually, it is the conditions of life on this
planet that are indifferent or hostile to us, and
technology makes it possible to master these
conditions: Technology is in effect beneficent.
Without it, we could neither support the bur-
geoning human race nor organize human inter-
relations so that it remains possible for us to
live together.

In organizing human interrelations, commu-
nications are of crucial importance. And re-
cently, we have been facing a gradual constric-
tion in meeting communieations needs, becanse
of the natural limitation of the frequency spee-
trum.  This constriction could be serious not
only for commerce but also for efforts, national
and international, to create the political order
in which new individuals and new states can
live together peaccably and productively. In
political organi=ms as in animal organisms, de-
velopment of higher forms requires develop-
ment of flexibility and responsiveness of the
nervous system. In the political organi=m,
communications are indispensable to the perfee-
tion and: refinement of the unifying nervons
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system. Unless the volume, versatility, and
precision of messages and the variety and direct-
ness of interconnections between parts of the
body politic can continue to grow in number
and complexity, development will be halted.
Here is the real international significance of
communications satellites. If properly used,
they will overcome the natural obstacles that
distances and the restricted frequency spectrum
place in the way of continued growth and re-
finement of the world's nervous system. Prop-
erly used, they can ease and even facilitate the
task of resolving international differcnces and
attempting to move one stage further toward
an orderly and peaceful world.

The United States takes pride in its scien-

-
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tific and technological pioneering. We have
shown o rare bent for making the fruits of
science and technology available to our own
people and those in other countries. But the
kind of pioneering that is most characteristic of
us and still most needed .is the leadership in
devising and strengthening political institu-
tions to preserve freedom and unite the efforts

-of natious to resolve their ditlerences peacefully

and to build an orderly and proserous world. .
community. We shall need every tool we can
find for these purposes—and not. Teast of these,
the new space vehicles. Surely we will not be
satistied unless the communications satellite sys-
tem weshall soon be establishing responds fully

to these political opportunities.
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_showers and thunderstorms forming in the cold -

cyclone family extending from central Canada
westward to south of the Aleutian Islands.
Note the spiral cloud formations of these indi-
vidual storms, particularly the most intense one
at the left, the long narrow frontal cloud system
and its accompanying upper jet stream of winds
connecting it to its dying storm-partner in the
Gulf of Alaska, the thin, curved cloud “streets”
composed of small convective clouds such as

air streaming from Alaska over the warmer
ocean, and the widespread fog and stratus
docks south of the westernmost storm caused by
warmer &ir moving northward over colder
water. A meteorologist having only this cloud
information in the form of “Nature’s Weather
Map” could acquire a rather good qualitative
picture of the main weather features over this
tremendous area. \When this information is
regularly available and combined with conven-
tional data such as winds, pressures, tempera-
tures, and so forth, available at only a few spots
in the North Pacific Ocean, the resulting
weather map will be far more complete and
detailed than now. This is important, since
most of the weather systems affecting Canada
and the United States move in from the North
Pacific Ocean.

In figure 2 there is shown a large indi-
vidual storm centered over Nebraska, and af-
fecting the Mississippi Valley, which was ob-
served by TIROS I on April 1, 1960, the day
it was launched. This large storm has an ex-
tensive cloud area around its center and a long
frontal cloud extending to the Gulf of Mexico,
where it joins a rather extensive cloud mass.
Thunderstorms are imbedded in this frontal
cloud from St. Louis, Missouri, to the Gulf of
Mexico.

In figure 3, a hurricane located 300 miles
north of New Zealand on April 10, 1960,
is shown with its characteristic spiral forma-
tion so well known from radar photographs of
hurricanes. I show this because Oklahoma
often is afflicted by the backlash of hurricanes
moving inland from the Gulf of Mexico;

weather satellites should help detect and track

these dangerous storms.
This is demonstrated in figure 4, which
shows a hypothetical evolution of a hurricane
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from one of a number of small convective cells
of diameter 40 to 50 miles to the embryonic
spiral shown in the next stage to a full-fledged
hurricane. Of the hundreds of such convective
cells that may be present at any one day over
the tropical oceans, weather satellites may help
identify that particular one selected to grow
into a hurricane. Then weather airplanes
could be dispatched to obtain more informa-
tion. When such storms are detected in their
very early stages of growth before they have
acquired much energy, the possibility enters of
preventing their further growth into hurricanes
or of diverting them. But to do this, we must
know more about hurricane formation and
niovement, and satellites will serve as valuable
diagnostic tools as well as early warning patrols.

We now come to a smaller but much more
ferocious type of storm that afflicts this area,
the tornado “twister.,” In figure 5 there is
shown a bright isolated “square”™ cloud, about
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170 miles on a side, observed by TIROS 1
east of the Texas panhandle at 2 p.m. local
time on May 19, 1960. This clond appar-
ently is an amalgamation of several indi-
vidual “anvil-top™ or cumulonimbus clouds as-
sociated with thunderstorms. Within the next
three hours, reports were received of hailstorms
at Hobart and Ft. Sill; Oklahoma, and seven
tornadoes within a 50-mile radius of Oklahoma
City. Of the scores and hundreds of thunder-
storms that may be present over the midwest
on a hot spring afternoon, why do some develop
tornadoes and severe wind storms? FEvidence
is growing that the “mother™ cloud of such
severe storms may be isolated from other cloud
masses in some characteristic pattern. ' We shall,
I am sure, find weather satellites increasingly
useful in the detection of tornado-producing
clouds.

We shall now go from the very small to the
very large, realizing that loeal storms, frouts,
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and jet streams are but part of a world weather
pattern.  In figure 6, examples of actual clouds
observed by meteorological satellites have been
combined into a hypothetical world cloud chart.
When such cloud maps. combined with other
weather measurements, are available daily, we
can keep track of world weather, note varia-
tions in storm tracks and frequencies, and see
how unusual weather patterns in various parts
of the world are connected. Also, clouds them-
selves are extremely important in the main-

{ HYPOIHETICAL WORLD CLOUD MAP '

FIGURE 6

tenance of our present climate, since their high
reflectivity to sunlight serves as a natural ther-
mostat to keep the world temperature within
narrow limits. A larger than average cloud
cover can reflect more solar radiation, cool the
Earth, and thus reduce convection currents and
cloud cover. A smaller cloud cover will enable
more solar radiation to heat the Earth's surface
and cause more convection and clouds, The
average cloud ecover over the Earth is about 50
percent, and the average Earth rveflectivity or
albedo is 35 percent. A I-point increase in
cloud amount causes a (.4-point increase ‘in
albedo, which, by reflecting more solar radia-
tion back to space, means a decrease of world
temperature by 0.7° F. A system of meteoro-
logical satellites could keep track of variations
of ‘the world's cloud cover as the first step in
deciding whether man is having a noticeable
effect by causing condensation trails from high-
flying jet aireraft, for example. Understand-
ing why world weather behaves the way it daes
will bethe first step in trying to introduce bene-
ficial modifieations. Present conventional ob-
serving sysfems only prohbe about one-fifth of
the total world atmosphere. By observing
clouds, radiation current= and other plnionena
with the lielp of meteoralizionl coreliites, we
could keep a continuous wateh of any important
atmospheric disturbauce, ERUIICN
fed into mathematical models of the atmozphere
based upon the laws of phy=ies, conld enable us
in future years to predict what the effect would

ST ST

be of man’s attempt to change some of ihe basic.

parameters such as changes in reflectivity of
large portions of the Earth's surface by arti-
ficial clouds or other means. CoTTo e

To really serve the needs of meteorology both
from a prediction point of view and also for
better understanding of weather patterns and
their possible modification, a meteorological sat-
ellite system such as the one illustrated in figure
7 will be required. This is composed of two
types of satellites, those orbiting from pole to
pole and those more or lesx stationary at pre-
designated spots over the equatorial zone, Both
types of satellites would send their observations
into a central weather office via readout stations
and would also serve as meteorological com-
munication satellites by picking up information
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from automatic weather stations located in un-
inhabited areas. All these observations would
then be processed at the Weather Central and
the predictions relayed back to local forecast
offices through the same system of combined
meteorological and communications satellites.
Meteorologists feel that they must rely heavily
on communication satellites in order to handle
the heavy traffic load which for present conven-
tional meteorological data over the world daily
amounts to almost a million 3-digit words of a
highly compressed meteorological code, most of
which must be transmitted speedily to scores
of major forecast offices. With satellite data
and other expanded observations, this load will
be increased considerably. Since weather in-
formation for prediction purposes is highly
perishable, there should be minimum delay be-
tween the observations and receipt of the fore-
casts by the users. :

It is quite apparent from the foregoing that
the advent of meteorological satellites will have
a strong impact on operational and research
meteorology throughout the world. In the
framework of international cooperation in
, the ap-
pearance of meteorological satellites presents
some novel aspects and opportunities. First,
in contrast to most conventional observing sta-
tions. the satellite observatory is not at u fixed
location in the home territory or on the high
seas. Earth-orhiting satellites are truly global
in their range and thus enable the meteorolo-
gists of the launching country to observe at-
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mospheric phenomena over their area and out-
side areas, more rapidly and more completely
than can be done by local meteorologists, and
to make some measurements that cannot be done
at all by conventional means no matter how
dense the station network is. Since some of
the phenomena observed by meteorological sat-
ellites may have rapid and serious consequences
to the safety of the population and to the econ-
omy of a nation, it is imperative that meteoro-

~ logical-satellite information be conveyed speed
_ily to all the nations. This might be done in

several ways:

(1) Readout of data by the launching coun-
try, which relays data summaries on interna-
tional meteorological circuits by means of coded
messages or by facsimile. This system of noti-
fication introduces delays of several hourvs,
which may seriously limit the value of the
information.

(2) Readout of data by individual natiens
or groups of nations. This would seem to be
the most efficient way of disseminating such in-
formation and putting it to immediate use, but
may involve rather expensive equipment of the
order of 3 million dollars or more per receiving
station and would complicate the satellite in-
strumentation if all data were to be transmitted
in this manner. A more realistic possibility
would be the continuous transmission and local
receipt of some of the data, such as cloud pic-
tures over a limited area, with the remaining
data being received and processed at a central
location before international transmission.

(3) Communication satellites. Here the
launching nation could receive the information
from its readout stations and transmit it in di-
gested and analyzed form to other nations via
communication satellites. Raw information
from meteorological satellites might also be
relayed via communication satellites directly to
central processing centers not in line of sight of
the meteorological satellites.

A beginning has been made in limited inter-
national velease of meteorological-satellite in-
formation from TIROS II. Whenever mean-
ingful data were obtained for the southern
hemisphere, these were transmitted by word
meszage to the International Antaretic Analy-

sis Center at Melbourne, Australin, where
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meteorologists of several nations are cooperat-
ing in studying the meteorology of a major
portion of the southern hemisphere. Also daily
transmissions of cloud charts by U.S. Navy
radio facsimile were beamed abroad for fleet
units and received by other nations within range
of these transmissions. The World Meteoro-
logical Organization informed its member
countries of these transmissions and provided
pertinent communication information.

The observations obtained from the opera-

- -tional meteorological system will also be used

by research meteorologists in improving their
understanding of world weather, climatic
changes, and possible paths leading to beneficial

weather modification. World Data Centers,
which gather and disseminate meteorological
data for research purposes by all meteorologists,
would also receive satellite data. World Data
Center A, run by the U.S. Weather Bureau at
Asheville, North Carolina, is now receiving and
distributing to universities and meteorological
services here and abroad cloud photographs
from U.S. meteorological satellites and will
soon do the same for radiation data.

~Thus, meteorological satellites represent the -
~ first and probably most important practical ap-

plication of man’s thrust into space and should
pave the way for increased cooperation among
the nations of the world.

l‘\‘“&!\\
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APPLYING SPACE SCIENCE TO COMMUNICATIONS,
WEATHER, AND NAVIGATION

_ 8 NAVIGATION BY SATELLITES

When the organizers of this very good niecet-
ing asked me to participate, T intended to discuss
some aspects of satellite communications, as we
have been working in this field for the lust
couple of years. Our distingnished chairman
called me a little later and said that he wasn't

" short at all of material on satellite communi-_ .

cations and he would rather have me talk on
some other aspect of space electronics—and of
course 1 very willingly consented.

In the early years of radio when T started
working on radio navigation systems, we had
the opportunity to develop the first automatic
radio compass for airplanes and the instrument
landing system, which is now the standard of
the world, and later the Tacan systetn and some
of the Vortac system. It is interesting to recall
that a little more than 30 years ago there was
not one single radio aid to navigation on an
airplane or available: the airplanes were just
flying without any radio or electronic assistance
at all.  Comparing with the present situation
now, and the extensive use of electronics in air-
planes, missiles, and satellites, you will agree
that a fantastic vevolution has taken place. But
something even more important took place also.
When about 30 years ago we were trying to
interest pilots, the airlines, and whoever was
involved in aids to navigation from the ground,
we really didn’t get any sympathic response at
all. A typical kind of response at the time was:
“You don’t think we have enough trouble flying
these airplanes through the clouds and the fog
and you still want us to carry that thing on
board. We will throw it overboard at the
first opportunity.”

*Vice President, General Technieal Divector, Tnternational
Telephone and Telezraph Corporation.
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I assure you this remained the situation for
quite a number of years; there was no long-
range program of 5, 10, or even 15 year con-
sideration of what should be done as we witness
nowadays. So this is also a revolution ; and for
those who have lived through these changing
times, it is very illwminating and rewarding to
see the recogrition and understanding of what
must be done to maintain our leadership and
particularly of the lead-time factor. We must
work now on what will give us that leader-
ship then. T hope and T am sure that you wel-
come the change too.

Before the satellite era,-early navigation by
adio meant that an airplane or a =hip at sea
would get a bearing on a radio transmission
either by direct obzervation of the direction of
the waves or through a dircetive ground sys-
tem.  Later distance meaxurements were added
as o vesult of the invention of radar, prior to
the last war. Not only we could get dirvection
information with the radio waves hut we eould

© et the distance of a transmitter or of an object

producing an echo. It resulted in the determi-
nation of distance by hyperbolic systems by
radar and by DMET which is being installed
now in the airplanes of the airlines, the military
having used it for many years. The aceuracy
of the DMET iz of the order of two-tenths of a

mile.  Direction aud distance measurenents=

make use of two basie charactoristies of radio.

waves: (1) straight-line propagation (2) con-
stant speed. There is a third basie echavacteristic
of the radio waves: the frequency : you will see
that in satellite navigation the frequenecy be-
came the very important additional parameter.
There is another method of navigation that you
may have heard abont Iately, because it is n<ed
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in missiles: it is inertial navigation. Any move-
ment of yourself or of any object involves using
sonte inergy with directional characteristics. If
you measure this energy and its directional ap-
plication, you will know what movenient has
taken place. A peculiarity of inertial navi-
gation is that errors increase with time and that
you have to check your position at regular inter-
vals, which may be of the order of minutes in
some cases or hours in others.

" The point we want to make is that a navi- *

gation satellite may be ideally used to provide
these checks and to reset an inertial navigation
system in a ship or an airplane.

Now in the space age we are faced with an
entirely new possibility. Very early, civilized
people have thought of using the stars and the
sun to determine their position on the surface
of the earth; and, as soon as the knowledge of
the time became available with accuracy, good
position fixing became possible through the use
of an ephemeris, which gives the position of the
stars and the sun as a function of time. That is
why the ships have accurate chronometers.

Then in clear weather or at high altitude there
is always a way to find your position if you
know the time—but under the clouds or in fog
and cloud when you cannot see the sun or the
stars, we cannot use celestial navigation. Next,
radio navigation by radio beacons and direction
finders and radar has been developed and will
continue to be used because they all relate to a
very definite point on the Earth—the point,
for instance, where you want to finish your trip.
The satellite provides us now with new inter-
esting possibilities. A satellite can transmit a
radio signal which can be observed on the
ground. You see immediately that by meas-
uring the angle at which, at a known time again,
you can see this satellite at least at two succes-
sive points of space, you conld with a “satellite
ephemeris,” which tells you when the satellite
passes over definite points of the Earth, de-
termine your position the same as with the stars,
the difference being that this little star moves
very fast and that fact complicates the life of
the users. In fuct it isquite diflicult to publizh
an ephemeris of satellites becanse they move that
fast and, for reasons that may not be completely
understood yet, they are subject to small varia-

tions and shifts of orbit. If you want to use a
satellite by knowledge of its orbit, you con-
stantly measure this orbit and send that infor-
mation to the observer; if an accuracy of a
fraction of a mile is wanted, every 12 hours
at least, a set of measurements should be made
and made available to the users. This is true
for the use of any satellite for navigation, be
it the one I just mentioned which can be fol-
lowed with a very sharply pointed antenna or
the one desigmmed for Doppler effect ob:servation.

The Doppler effect is something you are all
familiar with: when driving at a fair speed and
passing a car coming in the opposite direction
whose horn is blowing, you hear the very char-
acteristic change of tone from high to low pitch
when it goes by you. Thisis the Doppler effect
on sound waves. When the two cars are at a
minimum distance from each other the exact
frequency of tone transmitted is heard for a
very shart time, of course. If you apply this
to radio waves, the only difference is that the
speeds have to be much greater because of the
much higher speed of radio waves. The speed
of the movement with respect to the speed of the
radio waves (186,000 miles per sec.) must be a
quantity which ean be observed. When the first
sputnik was orbited by Russia, some of the U.S,
scientists started to measure frequency Doppler
shifts in order to determine its orbit. They
were completely right of course, and T wish to
mention the names of the scientists from the
Applied Physics Laboratory, Johns Hopkins
University, whe did this work: Dr. W. Guier
and Dr. George Weiffenbach. This was
pioneering work; the orbit of the sputnik was
calculated from frequency shifts observation
when the satellite passed over. Later Mr. Me-
Clare, also of APL, had the excellent idea of
reversing the process: If an orbit can be de-
termined by this method, then if the Doppler
shifts are measured at an unknown position and
the orbit known, we can calculate that position.
Of course, this was quite correct, it constitutes
the basis of the Transit navigation satellite of
which you have seen some good descriptions in
this exhibition. This was supported by the
.S, Navy with cooperation of NASN at the
Applied Physies Laboratory ; we had the inter-
esting opportunity to participate in the work
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necessary for the tracking of the satellite and
the determinaiton of the orbit, and also in the
.development of some measuring equipment
necessary to do this determination.

Let us mention briefly some of the impor-
tant parameters in the Transit satellita system.
The orbit has to be measured regularly. You
cannot print an ephemeris and send it to the
users every 6 months. This orbit determina-
tion needs to be done regularly and changes

~ communicated to the users. T!.. :cicntists
solved the problem by sending Do
~ they collected about the orbits tc .- .. _llite,
and the satellite itself in turn weu!? "2~ Jeast
it to the users every 2 minutes. So ~"hon you
observe the satellite Doppler shift, y .u «: 1.0 get
the latest information about the orbit. The
knowledge of the time very correctly is also
mandatory so that the time at which it passes
at the shortest distance to your pe:ition is
known accurately. The Transit satellite trans-
mits to the user the latest time correction on its
time signals. Every 12 hours the latest infor-
mation is given the satellite for retransmission
every 2 minutes to the ground users. The ad-
vantage of the Doppler system over the sphere-
ographical results from the simple receiver
which does not involve a directive antenna.
The receiver measures the change of frequency
with respect to the corrected frequency trans-
mitter by the satellite itself, and a relatively
simple digital computer calculates the position
of the user for him. One interesting thing:
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If you are on one side of the orbit or on the
other, you would observe the same Doppler
shift and therefore do not know on which side
of the orbit youare..

This is completely true only in the case of
8 fixed Earth, but as the Earth moves inside the
orbit of a satellite during the measurements,
there is enough of a frequency shift due to the
rotation of the Earth itself to permit the ob-
server to determine whether he was on one side
or on the other. This is an additional benefit

freely obtained from the rotation of the Earth ™

that our ancestors did not think of.

The illustrations (figs. 1-4) are self-explana-
tory and show the advantages of the Doppler
systems over the sphereographical, the main
parameters of the Transit system, the block
diagram of the receiving system, and some
typical Doppler shifts;

The sphereographical satellite navigation re-
quires a satellite transmitter, a highly direc-
tional ground antenna, a receiver, and a clock;
a vertical reference is required also. For
Doppler satellite navigation a stable frequency
satellite transmitter, a sensitive receiver, a
frequency reference, and a clock are required,

SIMPLE IXAMPLE OF DOPPLER SHIFT
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but there.is no need for any vertical reference
orany large directive.

Many more observations have been made since
those of Sputnik II in 1957. On the Transit
satellite, the new Transit navigation system
will be in operation early and may be the first
operational satellite application. It would con-
sist of two satellites in & 6734 degree orbit and
two in & 22 degree orbit at about 500 miles
altitude. A high altitude satellite is not
wanted because the rate of change of frequency
is not large enough for accurate ob:zrvations.
A low altitude is desired but not too low be-
cause there is a disturbing effect. Rrodio waves
are going in a straight line and at & constant
speed except when they go through the iene-
sphere, where they may be affected very seil-
ously. We begin to know well the law which

affects them; the higher frequencies are affzctzd

less than the lower, but to be practical about it

it has been decided that frequencies in the
range from 50 to 300 me should be used. By
using several frequencies instead of one and
observing several Doppler shifts, corrections
for the ionosphere effect can be made with
sufficient accuracy because we know the law of
variation of the ionosphere effect as a function

-of the frequency. Future systems will always
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transmit several frequencies. The order of
fixing accuracy that is expected, which has been
verified already and which is fully expected in
a final system, is better than half of a mile.
Four satellites would permit the determination
of position between two- to three-tenths of a
mile at any place over the Earth every one and
a half hours. A fast moving aircraft would not
be in a position to take full advantage of this
system, but certainly all ships could.

£.meday more satellites may be added and the '

reie of observations may be increased. A com-
bination might be made in the future of satel-
1i+23 for communication and navigation which
would provide observations at a higher rate.
The system covers the entire Earth, and that is
one of its unique features. When moving
yourself, like as on a ship or a plane, a cor-
rection may have to be made for your own
speed. The field of navigation by satellite is
one where the United States is leading com-

pletely and T am sure will continue to lead.

The Transit program will provide for a navi-
gational system covering the whole world
without any charge to the user, a most impor-
tant service for all the nations of the world.

I
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- Oklahoma.
~ come with you today. I would now like to pre-

TRANSCRIPT OF CON FERENCE PROCEEDINGS

MAY 26, 1961
MORNING SESSION

Tulsa Chamber of Commerce, one of the spon-
sors of this conference, it is my pleasant duty to
call this conference to order. We in Tulsa and
in Oklahoma are proud to share with you this
conference and this discussion. Yesterday, you
heard our mayor; you heard Senator Kerr.
They gave you the official welcome of Tulsa and
TWe are happy to share that wel-

sent the General Conference Chairman, who
will preside during all the conference meetings.
He has done a great job. He's lived this pro-
gram; he's done a terrific thing in organizing it.
Mr. Harold Stuart, your General Conference
Chairman

Chairman Harowp C. Strarr. Thank you,
Pete. I appicciate the fact that you have set
the pace with short introductions. This will be
our pattern from now on.

It is my great, great pleasure to introduce my
boss, the Governor of the State of Gklahoma,

Governor J. Howard Edmondson.

Gov. J. Howarp Epyoxpsox. Chairman
Stuart, Senator Kerr, distinguished guests. It
is my pleasure to welcome all of you to the
State of Oklahoma. In our 53 years of state-
hood, Oklahoma has achieved a notable list of
firsts. With the opening here today of the
First National Conference on Peaceful Uses
of Space, we proudly add another first to that
list. Its subject matter is as timely as tomor-
row's headlines. Its theme is representative of
mankind’s fondest hope, peace. Its opportu-
nities for industry and for our coming genera-.
tion are wonderfully suited to Oklahoma’s abil-
ities and youthful spirit. To you of NASAY, to
the industry leaders, the students, the faculty
members who will take part in the conference,
and to the Tulsa Chamber of Commerce for
taking on a tremendous responsibility in spon-

T T e ——— I e TS ST\ S S e
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As President.‘ of the- -~

soring this, the State of Oklahoma says: May
this conference be more fruitful than your
fondest expectations. Thank you very much.

- Chairman Stvagr. Thank you, Governor Ed-

conference is twofold, as a Senior Senator, a
Uhnited States Senator from Oklahoma, and as
Chairman on the Committee on Astronautics
and Space Sciences of the Senate, has a word
of greeting for you. You will hear from him
more fully today at noon, but I am pleased to

introduce to you Senator Robert S. Kerr. o
"~ Senator Roserr S. Kerr. Thank you very

much, Harold. I thank each and every one of
you who have traveled here to Tulsa to this First
National Conference on the Peaceful Uses and
Development of Space. Now, to those of you
who were here yesterday, you recall that I wel-
comed you to Tulsa. That was the official
welcome. Today I give you the unofficial
welcome to Tulsa. The official welcome was
cool and impersor.al. The unofficial welcome is
warm and personal.

We hope that we may in some manner and
some meastre be of help to each of you that has
journeyed here to Oklahoma to be with us. I
want to tell you quite frankly that, while we
hope to be of help to you, we expect you to be
of help tous. We do not believe that there has
ever been such a transfusion of brain power,
inspiration, technical knowledge, scientific
leadership injected into the bloodstream of
Oklahoma's thinking, psychology, and economy
as your visit here and your participation in this
conference will amount to. We believe that it
will be of great impetus, a great stimulant to
us. While we are aware, and hope that you
become aware, that you are now in the greatest
social, economic, healthful environment avail-
able to an American citizen in any state in the
Union, we believe that you will be aware of that
and that your visit and journey here will make
it even better, and it just might, who knows,
either demonstrate that what T have said is true,
or by reason of your contribution you might
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make it so, Thank you, you are sure welcome
in Oklahoma.

Chairman Stvarr. Thank  you, Senator
Kerr. Now, ladies and gentlemen, we will re-

ceive a personal greeting from the President of .

the United States.
[President Kennedy's welcome was then
broadcast.]

Chairman Stvarr. The morning and after-

" noon sessions today are devoted to one subject :

NASA Space Flight Programs.  To serve as
your chairman today, I would like to introduce
the Director of Space Flight Programs for the
National Aeronautics and Space Administra-
tion, Dr. Abe Silverstein.

Dr. Are SiuverstriN. There are many who
have questioned: “Why this space etfort?™
Now, requiring, as it does, the most advanced
science and the most advanced technology, the
results achieved in our space effort are in truth
the measuring stick of our national competence
and eapability. Our achievements are measured
by the whole world. Unlike our technical ac-
complishments which this nation has contrib-
uted in the nuclear systems and in other weap-
onry, our successes and our failures in
development programs in the space-flight arena
are viewed by all and they are evaluated.

Yesterday, we had a heartening message from
the President from which I will quote, and he
says, “Now is the time to take longer strides,
time for a great new American enterprise,
Time for this nation to take a clearly leading
roll in space achievement.” .\nd he went on to
say: “For while we cannot guarantee that we
shall one day be first, we can guarantee that any
failure to share this effort will make us last.”
He said, “But this is not merely a race, space is
open to us now, and our eagerness to share its
meaning is not governed by the efforts of others.
We go into space because whatever mankind
must. undertake, free man must fully share.
Space is the new frontier in our technological
age. It is challenging and demanding and re-
quires the type of growth in all areas of science
and technology that will provide a focus, that
will provide a eatalyst for the stimulation of our
universities, their students and faculties, our in-
dustry, our governmental laboratories through-
out the country. The increased knowledge ae-
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crued will spread and diifuse to the whole fabric
of our society und provide the stimulus for a
lively growth and a better way of life for all
of us.” _ ,

I think it is particularly appropriate that this
conference deals with the peaceful uses of space,
for I believe there is hope by peoples throughout
the world that space will not be used as another
battlefield. It was the intent of Congress in
establishing NASA in 1958 that our efforts_
would be directed toward the peaceful uses of
space for the benefit of all mankind. And it has
been with this intent that the program that we
bring you here today, to review, has been de-
veloped. The emphasis placed in this program
on science is based on the applications of space
technology for the uses of man and is placed on
manned space flight. Now, in support of these
primary missions, we have our advanced tech-

nology for development of the space vehicles

~and of the spacecraft that are required to carry

them out. Now, in our program this morning,
we will have four papers: and in the program
this afternoon, we will coutinue with four more
papers that will present segments of our pro-
gram to you. We start this morning with a
review, a general review of the area of science,
paper to be given by Dr. Robert Jastrow, who is
Chief of the Theoretical Division at our God-
dard Space Flight Center, Greenbelt, Maryland,
and also Director of the new Institute for Space
Studies that was recently established in New
York City. I call on Dr. Jastrow.

[ Papers by Robert Jastrow, Edgar M. Cort-
right, DeMarquis I). Wyatt, and George M. Low
were then presented.]

AFTER LUNCHEON

Chairman Stvart. Ladies and gentlemen,
this session of the conference is to be devoted
to industrial and educational implications of
the space program. Following the prineipal
address, four panelists will present their views,
and there will be closing general discussion.
May I introduce the panelists. First, the
President of the Douglas Aireraft Company of
Santa Moniea, California, and Tulsa. Okla-
homa, Mr. Donald W. Douglas, Jr.,, from
Douglas,

The Executive Vice President of Frontiers
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of Science of Oklahoma, and the Dean of the
College of Education at the University of Okla-
homa, Dr. James G. Harlow.

The Vice President of Burtek, Inc., of Tulsa,
Oklahoma, }Mr, John H. Koch.

The Dean of the College of Petroleum Sci-

ences and Enczincering of the Imwmt) of

Tulsa, I)r;:'r W, Walker,

“"Now, to i "¢ the principal speaker, I
would like to ;.. -t the President of the Tulsa
Chamber of ¢ «:-2rce, Mr. Teupker.

Mr. D. J. Teveikr Ladies and gentlemen:
I present to you a leading advocate of land,
wood, and water. However, today I am going
to present him in a new role; but in case you
do not think that he is an apostle of land,
wood, and water, we would invite you to tour
the reservoirs of Qklahoma and see the won-
derful water development that his leadership
gave to Oklahoma. Yesterday, he spoke to
you, as he said this morning, formally, but he
spoke with authority. Today, he will speak

with authority again, because he is Chairman.

of the Committez on eronautics and Space
Sciences for the United States Senate. Follow-
ing his address, which will be concerned with
industrial and educational implications of this
national space effort, he will serve as Chairman
for the pane! discussion which follows. I take
a great deal of pleasure in presenting the dis-
tinguished Senator from Oklahoma, Robert S.
Kerr.

Senator Ropert S. Krkr. Well, now, as they
say, the third time is the charm; we will find
out. I tried to fortify you this moming with
the hard grind of the day. I am now about
to test you out to see how well I did it.

[Address by Senator Kerr was then pre-
sented.]

Chairman Strarr. To proceed on with our
panelists. I will first eall on Mr. Donald W.
Douglas, Douglas Aircraft Company.

[ Papers by Donald W. Douglas, Jr., James G.
Harlow, John H. Koch, and Seott W, Walker
were then presented.]

AFTERNOON SESSION

[Papers by Milton B. Ames, Jr., Alfred M.
Mayo, Harold B. Finger, and \\'ernhm von
Braun were presented.)

{Address by James E. Webb was presented
at evening banquet.]

MAY 27, 1961
MORNING SESSION

Chairman Stvart. Good morning. Wel-
come to the second session of the First National

" Conference on the Peaceful Uses of Space.

I would like now to introduce your Chair-
man for the morning panel, Mr. L., A. Hyland,
Vice President and General Manager of
Hughes Aireraft.

Mr. L. A. Hyraxp. Certainly, the timing of
the man-in-space part of this program is ideal
in the light of the President's announcement
that we are going to enter the race for the first
Moon landing and return. And I think it's
particularly appropriate that we have the men
associated with this panel this morning who
have to date laid the foundation for the work
that is to go forward in the “man to the Moon
and back™ race, and who can give us not only
their experiences that have been achieved in the
space capsule but also lay the foundation for
what we hope to see in the next nine or ten
years.

Leading off the discussion this morning is the
man who is perhaps doing the most in the
transition work. The leading off from the
wing-supported type of craft, getting into
space and finding out much of the information
that we will be using in our future astronaut
programs. Mr. Bikle has a very unusual ca-
pability, not only as an engineer in the manned
flight program, but also he happens to hold the
world’s record for gliders, and I think that you
will find that what he has to say with respect
to the X-15 program will be a very good foun-
dation for what's to follow. I am not going to
spend any time reading the biographies of these
gentlemen: you will find them contained in
your program, and I am sure you would much
rather hear the messages that they have to
bring to you. Mr. Bikle.

[Paper by Paul F. Bikle was then presented.]

Mr, L. A, Hyraxp. We are going to confine
our questions to the period after the speakers
each have an opportunity to present their infor-
mation. The next speaker has presented me
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with this space-age gavel made in the form of
the Mercury capsule, and, as you may suspect,
it comes from Mr. McDonnell of the McDon-
nell Aircraft Company. Actually, this will be
a double-barreled presentation by Mr. McDon-
nell and Mr. Burke, Vice President in charge
of the Mercury Capsule Project. Mr. McDon-
nell perhaps is one of the most stimulating
members of the Aircraft Industries Associa-

- tion. and we always enjoy his very pertinent..
‘ -

and effective remarks in our meetings. He has
done an enormous job in leading and solving
the problems associated with the Mercury cap-
sule, and I am sure that you would like to hear
from him and Mr. Burke directly.

[Paper by J. S. McDonnell was then pre-
sented.] :

Mr. L. A. Hyraxp. I think the job that
McDonnell did in this area has been tremen-
dous. About a month prior to the first space
flicht, I was a member of a panel from the
President’s Science Advisory Committee to
make a survey of the man-in-space program,
the Mercury project, and observe whether it
was rezlly ready. And several of us spent a
week studying with Mr. McDonnell and work-
iug through by gradual degrees to Washing-

to:. We determined that the project had been
done. I think there was one other determina-

tion that we came to, and that was the impor-
tunce of one man in this project. And the
man-in-space program, the Mercury program,
is much broader than just the space capsule.
It comprises an around the world communica-
tion and safety program. It results in spotting
ships at various places and making provisions
for every possible contingency that can happen
to the astronaut. It embraced a large training
program over a couple of years. We had to
really explore in many different directions.
There was one man who kept this all in a state
of balance, who made the difficult decisions,
the difficult compromises that have to be made
on any major engineering program. That one
man is Bob Gilruth, who will now speak to you
about the direction of the program, and I want
to introduce him with a bow.

[Papers by Robert Gilruth, W. R. Lovelace,

I1, James R. Dempsey, and O. J. Ritland were

then presented.]

170

Mr. L. A. Hyuaxp. 1 think that you can
gauge the caliber of the panel members by the
remarks that they have made this morning.
I think that you will agree with me that we
have indeed laid a very solid foundation in
very diversified areas. And that we have the
capability of a future plan that can bring the
United States to a pre-eminent position in
space, but one impression that I do not want

vou to leave with today is that that all is yet

in order in the space area. The President’s
speech, of course, was extremely encouraging,
because it does indicate that there is in the
administration for the first time a clearcut rec-
ognition both of the need for the scientific in-
formation and-the need for the prestige asso-
ciated with psychological warfare in the space
area. Also, for the first time I think we have
stepped up and recognized the staggering cost
that is going to be associated with the space
program. There doesn’t seem to be much ques-
tion that at least thirty-five billion dollars over
the period of the next eight or nine years is
going to be necessary for the lunar-landing pro-
gram alone, and this is a tremendous assign-
ment. It's a real tough job to spend a billion
dollars and spend-it wisely, and it takes a lot
of people and a lot of coordination and organi-
zation. And one thing that I want to bring
out particularly is that the space program and
the new funds to be allocated that are now be-
ing talked about should not be regarded as a
panacea for industrial unemployment or a
pork-barrel operation for either industry or
science: and that this puts a real requirement
for single-agency planning, or if not single-
agency planning, a central planning agerncy in
order to control our space program; that we
have simple points from which we want to
develop a program, conduct research and de-
velopments leading to the achievement of that
program. One of the things that is almost
fundamental in industry or in government is
that management should assist in the accom-
plishment of an objective and not put hurdles in
the way. But we have many, many interfaces
in the technical parts of the space program. but
we have got a lot of interfaces in management
right at the present time. One of the points
that we examined in the Mercury program to




see whether it was ready to go was whether or
not there was adequate cooperation between the
several Services involved, and I am happy to
report. to you that despite all of the barriers
that have been put in the way management-
wise, because there were many agencies within
NASA, many agencies within industry, three
Service agencies involved, plus the State De-
partment and all of the other facets of the pic-
ture, there was collaboration and people were
doing something in spite of organization rather
than because of it. And they did work together
to do this job. But as we are getting a bigger
job and a more diversified job, the need for
control, for planning, for focusing on objectives
is much greater than it has ever been before.
Good will isn't enough.

Now, there is another aspect : While we have
a diversified program, while we are producing
a great deal of scientific information, we have
to admit realistically that we are doing it be-
cause we can't do more. We have nothing to
match the lunar hit. We haven’t had anything
to match the lunar orbit, which was the next
stage. The Venus shot was a real scientific
achievement; and we can’t do any of these
things yet and we are not going to be able to
do them if we keep spreading our shot, using
a shotgun approach instead of a rifle and not
putting the emphasis on a single objective and
a single coordinated planned program without
all of the difficulties associnted with many
managements that we have today.

I think, too, that we want tc make more
ultilization of the skills already established,
that as each new program comes down the line,
the objective is not to bring a new agency into
being or create a new laboratory, or to bring
new contractors into the field and not utilize
the information that we already have. So,
there is much to be done. There is much to be
done on a control viewpoint. There is much
to be done technically. And T think that we
have all got to put our shoulders to the wheel.
We have all got ta work for these uniform ob-
jectives, And only in that way can the United
States in ten years, perhaps, pull equal or per-
haps forge ahead in this prestige area and
practical area of space.

Now, we come to the question program, and

I am sure that you folks will have many things
to ask of the panel who have been appearing
before you this morning.

Dr. Riciaro W. Poorr, Oklahoma State
University. I would like to address a question
to McDonnell. 1 understand, Mr. MeDonnell,
that your company has adopted the policy of
donating the full five percent of corporate
profits for the promotion of education. In
this connection, I would like your comments
on two questions. One, why do you consider
this an important activity for industry; and
secondly, does your support include the social
sciences as well as the natural sciences, and
is it limited simply to higher education or dves

. 1t also include secondary education?

Mr. J. 8. McDoxxer. It is true that our
company has for some years given five percent
of our earnings before income taxes to a foun-
dation for all plilanthropic purposes. The

majority of it has gone to education, but not.

all of it. It does have a connection with the
space science and exploration. We have tried
to select educational projects that had as much
bearing on the physical sciences as we could.
and we have felt that the conquest of space is
no little thing, that it’s a great big thing. And
to carry out concurrently the program which
is the purpose of this particular conference, the
conference on the peaceful uses of space—which
historically is a very large effort for the human
race—but then to concurrently maintain a foun-
dation of military strength on land, at sea and
in space, and in the air, that foundation is nec-
essary so as not to let down our guard the way
we did after World War T and World War 11,
in order to prevent big wars. On that kind of
solid foundation, I would hope that the peace-
ful conquest of space could take place and that
as much of the competition between the free
world and the Communist world channeled into
that peaceful conquest as possible. But we
can’t control how much the Communist world
will challenge in that direction. But by the
way that they have so basically challenged us
there and then rubbed it in, to our mortification
at times, would indicate that they do plan to
make that a very major effort. Now, to do all
of these things concurrently eannot be done on
the foundation of education we have now. Tt
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means rearing our kids with sterner discipline
and with better education all the way from
kindergarten clear through graduate schools.
And looked at from the standpoint of the next
century, and I think we should look at it from
the standpoint of the next century, it’s going
to take a massive increase in education, both in
quantity and in quelity. Now, how can it all
be financed? We can leave it up to the Govern-
ment. We have seen in the present Congress

" a strong response to that need, but is it wise in

our system of freedom to leave the major por-
tion of it up to the Government? There are
a lot of us who feel that wouldn’t be wise, so
where will all of the other money come from?
It could come by every corporation setting
aside for educational philanthropic purposes,
five percent of their income before income taxes
in every year when they have earnings.

The time to do it is when you have earnings,
because if you start doing these things and then
you give nothing to the educational activities
in the years you don’t have it, your public re-
lations will be worse than if you never started
at all. So it is helpful to have a foundation
to give it to. Now, on the private side. Con-
gress in its wisdom has encouraged people to
give, as allowed by an Act of Congress, up to
20 percent of their private income before- in-
come taxes. -Now, Congress also allows to give
up to the 30 percentile, provided the 21 through
30 percentile is given direct in that year and

not through a foundation to an educational.

system and two or three other kinds. I have
found that’s very difficult to do. You just
can’t work up the project soundly. I would
hope in the years to come the Congress would
allow that up to 30 percent without that kind
of restriction. I would hope that in the years
to come that Congress would increase for cor-
porations the amount deductible from 3 per-
cent to 10 percent. If this be treason, why,
I am ready to stand up and be shot; thank you.

Mr. Near E. Vax Fossan, Sr.,, Engineer,
Union Texas Natural Gasoline Corp. I would
like to address a question to Mr. Dempsey. We
are all perturbed that the Russians appear to
be ahead of us. Do you attribute this solely
to their advantage in heavy bhoosters?

Mr. James R. Demxresey. No, I attribute it
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to their advantage in the decision-making
process,

Mr. NeaL E. Vax Fossan, Sg. Their ability
to make a quick and direct decision, or to
implement the decision?

Mr. Jaxes R. Demresey. Only to make a de-
cision as to what they are going to do and
then stick with it to see it through, It's some-
thing that we have not so far in this part of
our programs been able to do in this country.
There is some hope that we might now. We
will await with interest to see if we are able
to do this.

Mr. Joux W. Herrick, American Aviation
Publications, Beverly Hills, Calif. I have a
question for General Ritland. I notice that
most of the Air Force program’s dealing with
manned and space winged vehicles and what
we call lifting reentry. Is there any reason
why the Air Force is not working or program-
ming into force this emergency program?

Maj. Gen. O. J. Ritaxp. Well, T believe
that working closely with the NASA, they
have the ballistic reentry program and we have
been working on Dyna Soar with the winged
vehicle. As we progress further into the fu-
ture and especially as we go into lunar explora-
tion, we would probably combine our technical
resources and come up with a single vehicle.
You must remember that we in the Air Force
are participating with NASA not necessarily
on the vehicle itself, but in the booster area
and in the Dyna Soar program NASA is par-
ticipating with us. T would rather place it as
a national effort that we are all doing, and
duplication when required is certainly neces-
sary, but in this particular case, as of this time
I don't believe it is necessary.

Mr. Dick Crarces, KVOO Radio. I would
like to address this question to Maj. Gen. Rit-
land of the United States Air Force and to Dr.
Iovelace. I am told that the Russians have
an educational program whereby they weed out
their youth at the beginning of their education
program and set them apart to become certain
things and that’s what they become. T am
wondering in the space age if the United States
will take an individual and give him an 1.Q.
test, say when he enters the first grade, and
set him out on a steady program and that will




be what he follows, or will we continue to have
somewhat of a free choice of our own studying
and best wishes and dealings and beliefs.

Dr. W. R. Loverace, IL. In the Russians’
educational system, they do, as you .are prob-
ably well aware, give these intelligence
quizzes and they do direct what particular
area they think a particular student should go
into, whether it be physics, engineering, math-

know that one thing that impressed me was
= that they had a thousand post-graduate stu-

dents in applied psychology in Russia. That's

quite a group of men to work in an area which,

of course, is the cold war aren, I am sure. T
« don't believe we will ever use the system the
Russians use. Conant has pointed out recently
that 50 percent of our very intelligent young
students don’t go on ahead to college and to
advanced degrees. If they had the funds and
the opportunity, I believe that Conant’s pro-
gram could be followed to real advantage. I
know certainly that most children in this coun-
try are a little bit difficult to argue with when
it comes to what career field they are going
into. But I think that the children of today

1

are extremely interested in space and they
certainly can go into space-oriented programs.

Mr. Pavr L. Lyoxs, Chief Geophysicist,
Sinclair Oil & Gas Co., Tulsa, Okla. I would
like to ask Major General Ritland an elemen-
tary question. If propaganda value is impor-
tant, why do we not put a brilliant light on
a sotellite so that it can be easily seen any time
at night when it is within range?

Mzj. Gen. O. J. Ritnaxp. This has been
done, but not probably in the power require-
ments where it could be seen readily. I think
the Echo project by NASA was a good dem-
onstration of that, in that it could be readily
seen at certain times of the evening. I think
that there are other important things that
should be done in getting along in the space
age that are stepping stones to our future long-
range objectives. If this happens to be a part
of it, it will certainly be done. But I empha-
size that there have been lights on satellites
and this has been on the navigation-type satel-
lite to be sure that we can visually identify the

~  position of the satellite versus electronic
positioning.

~~~~~

- ~-ematies, chemistry, or. the social sciences. 1

Mr. AvLey E. Coox, Operations Research
Chief, Ross-Martin Co., Tulsa, Okla. The last
question suggests this one, that I was going to
ask anyway for another reason. The question
of medical or physiological adaptability to space
raises the question is there any racial ditference
likely to be found in the ability to resist radia-
tion or discomfort or what not, and if not, what
sort. of propaganda or public relations activity

~would help the United States” appearance in

the world inthis regard?

Mr. L. A, Hyvaxp. I am inclined to think
that this is a question that I would prefér not
to explore at this particular time. And I think
perhaps there may or may not be information
relating to it, but momentarily, I prefer to
duck this one. :

A Coxreree. Mr. Hyland, have there been
any steps taken towards forming this committee
for central planning, or do there seem to be
any objections to having central planning?

Mr. L. A. Hyraxp. I think there has been a
great deal of activity in the last three or four
months in this direction. I have been extremely
encouraged in some of the steps that have been
taken in the Department of Defense and in the
administration leading to an examination and
a consolidation of these programs. T think we
have an enormous way to go yet, but neverthe-
less, there seems to be a will to determine the
facts and to try and simplify the programs, to
put the money where it would count the most,
to consolidate the efforts. But since it is a big
program, since there are many vested interests
and & lot of history behind this, it’s going to
take us awhile to do it yet, but I think that you
folks can leave this particular conference and
spread the word that we need more of the same.
I think that T would like to get the comments of

- some others on that. How do you feel about it,

Mr. Dempsey ?

Mr. Jayes R. Deypesey. T think the answeris
very definitely “yes”. The new administration
has had a number of studies underway by both
the Defense Department and the civilian agen-
cies, and they have talked to each other. T be-
lieve that the announcement on Thursday would
give us an indication that this will continue,

Mr. Fain N, Bexyerr, Central High School,
Tulsa, Okla. In the talks on the physiological
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aspects of space flight, I have been wondering
whether or not a good deal of consideration has
been griven to the environnient that is carried by
the astronauts into their space vehicle and how
to control that,

Dr. W. R. Loverack, I1. Yes, that's been one
of the prime objectives of the whole program,
the life-support system so-called, and it did
function very very well on Shepard's flight.
s the time goes on, of course, there's a question
of how much ‘pressure will be carried in the
spacecraft, whether it will be 5.5 psi or 15 psi
as it-is here in the Earth, and whether or not it
will be 100 percent oxygen.

Mr. Frep N. Bexxerr. May I ask another
aspect of the question, please. That is, how
about the disposal of undesirable waste products
from the human inhabitants of the vehicle?

Dr. W. R. Loveracg, I1. Well, there are re-
search projects on that and so far, they look like
they are going to be quite successful, thank
goodness. '

Mr. C. L. CayeseLL, Sewanee Military
Academy, Sewanee, Tenn. Between solid-fuel
boosters and liquid-fuel boosters, which do youn

seem to feel offers the best advantage?

Mr. Jaxes R, Demrpsey. Ithink the answer to
that is we don't know and that’s why we are
going to undertake building both of them.
Solid propellants and liquid propellants, I
think, each have certain characteristics: they
are different. In some applications. solids are

clearly preferable, and in others liquids are-

clearly preferable, and in some we aren’t sure.
The people who are in the systems business, 1
think, generally are prepared to use either in its
best application, and I think that we have yet to
learn which one will be best for the very large,
and by this I mean perhaps booster thrusts in
excess of two million pounds.

Dr. T. S. BurkuaLTer, Director, Materials
Research Department, Central Research Labo-
ratories, Texas Instruments, Inc., Dallas 21,
Tex. T would like to address a question to
Mr. Hyland. I was somewhat disturbed, Mr.
Hyland, by what I thought was an implication
of some of your closing remarks. I would like
to explore them and have them corrected if I
misinterpreted them. Oue of the things which

I felt you indicated was a desirability for in-
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creased concentration of our etforts under a
single agency and particularly an increased con-
centration on the single objective of a lunar
flight.  Does this mean. that you advocate we
should deemphasize such objectives as our com-
munications satellites, weather satellites, and
navigational aids?

Mr. L. A, Hyiaxp, I'm sovry if T gave you
that impression, because it certainly isn't what
1 want to convey: I do believe in the necessity

for single .agency or single grouping of the

planning, so that we don't go. off in fourteen
different directions at once. However, you can-
not any longer point up in space to one particu-
lac objective. The landing of a man and re-
turning him from the Moon is one. But cer-
tainly, one of the objectives that we can quickly
reach if we concentrate on it is a communica-
tion satellite. - Right at the moment, there are
perhaps three agencies involved in it and to
some extent, they are working at cross purposes.
By the same token, we need a considered ap-
proach to the weather program and to several
other things that are achievable in the space
area, but they should be tied together. They
shouldnt proceed independently and they
should not proceed without the interchange of
information.

Mr. Percy Carg, Iowa State University. T
should like to address my question to Mr.
Dempsey. - There have been rumors that have
reached me, at least, that the Russians have been
able to get their lnrge vehicles aloft not through
vertical boosts but by horizontal or inclined
takeoffs. I would like to ask, do you think these
rumors have any basis in fact, or do you care
not to comment on the question ?

Mr. James R, Demesey. T will always com-
ment on anything. T don’t know what the Rus-
sians are doing, except what I read in the news-
papers. I have not seen any intelligence brief-
ings in a long time. I think it is very unlikely
that they are using inclined takeoffs, because all
this does is simply increase gravity losses and
isn't necessary, so I doubt very much that they
are doing anything other than a straight-
forward vertical takeoff.

Mr. Pekey Carr. The advantage reported
was that you would not have to use a rosket
propulsion until after vou attained rather high




speeds and that part of the propulsion system
could be dropped off as the thing lifted off. If
this were true, how much advantage would it
be worth to go to higher altitudes, say at five
thousand feet above sea level for such opera-
tions?

Mr. Jaxes R. Deuesey. Launching from
- high altitudes does give some improvement.
One has to go to about ten thousand feet to
effect, say, a five-percent reduction in the gross
rate of takeoff, and this turns out not to be con-
sistent with other requirements of launching
locations, such as not flying over populated
areas, things of that sort. The cost of a device
which would give you a reasonable velocity in-
crement before you would light the rocket, say
a thousand feet per second, is so much more than
the cost of attaining the thousand feet per
second by just making that rocket a little big-
ger, that it wouldn't make sence.

Dr. A. B. NapEL, Psychologist, General Elec-
tric Co., Santa Barbara, Calif. Yesterday, ref-
erence was made to two specific international
programs. This morning at the panel meeting,
no reference was made in terms of the future of
our space program with regard to any inter-
national cooperation. I'd like to ask either Mr.
Hyland or General Ritland whether any of the
programs, rather than specific individual proj-
ects, are not being set up for what may be an
international cooperation program in space.

Maj. Gen. O. J. Ritraxp. We are working

with the Canadians on a certain program of a

scientific nature. I think it would be the intent
of the Space Council to use all of the technical
capabilities of a free world as we get further
into our space programs. This, of course, would
be done through the NASA, and I believe that
maybe Bob Gilruth could answer that.

Mr. Roserr Gireri. T don't think it was
brought out in any of the presentations having
to do with Mercury, but T would like to take
this opportunity to say that there is a great deal
of international cooperation in this projuet,
particularly in the network. We have stations,
17 stations around the Earth with cooperation
from such places as Australia. where they are
taking a very active role, using their own track-
ing ficilities and people in the Mercury proj-
ect. We alxo have stations in Nigeria and in

aZnzibar; and in the conduct of this whole job,
we find that we require and are getting coopera-
tion from nations around the Earth.

Mr. L. A: Hyvaxp. I think that one of the
missions you know—the State Department sent
a message to all of its ambassadors recently in
which it was indicated that they wanted to use
every possible effort to collaborate with in-
dustry. Now, this, amazingly enough, was al-
most an extraordinary message on the part of
the State Department, because the. attitude of
ambassadors to industry in prior years had been
rather stand-offish. And I do know that
one of the areas that is being considered for
collaborative operations is the space operation,
particularly with respect to communication
satellites. So that T would suspect that since
in the free world, at least, the United States has
the total supply of boosters, such as they are,

that there will be a great deal of couperation

back and forth in this area.

Mr. Breee V. Kercnay. University of Okla-
homa, Norman, Okla. T would like to direct
my question at one of the three aeronautical
engineers on the platform, or all of the three
Mr. Bikle, Mr. Gilruth, or Mr. Dempsey. We
are contemplating the construction of a space
environment simulator at the University of
Oklahoma. I would like to know whether you
feel that this would be a practical instrument
or facility for education on research purposes
in the space age.

Mr. Pave F. Bikee. I think this would de-
pend largely as to what extent facility it was.
Most of the facilities I have seen are rather
expensive, rather large seale. Ithink that if one
could be provided that would be useful in space
work, it would be a most excellent facility for
the purpose you have asked.

Mr. James R, Desesex. T think it is just as
important as the wind tunnel was 25 years ago.

Mr. Jonx W. Herrick., American Aviation
Publications, Beverly Hills, Calif. This ques-
tion is for Dr. Lovelace. T know that a lot of
study is being made about contamination of the
Moon by Earth bacteria. Now. we are ap-
proaching this big erash program to put man
on the Moon and bring him back. What about
bringing Moon bacteria hack to Earth?

Dr. W, R. Loverace 11 Well, T believe in
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Mr. Low’s presentation, there was a discussion
of decontamination before reboarding the
Apollo vehicle or whatever vehicle is used,
before people were to come back to the Earth.
I'm sure that many of you realize that we now
have drugs available, for example, that can com-
pletely sterilize the intestinal tract, that we
use before we do certain types of surgical pro-
cedures on the large and small intestine. If it
ever becomes necessary, we can in a large part

... eliminate the regular normal bacterial flow that_

we carry around with us. It becomes a little
difficult, though, because if you don't watch it
then the molds take over, and mold infections
are one of the most difficult things we have to
treat. Decontamination before coming back to
the Earth perhaps ean be accomplished by
means of disposable outer garments. The work
that the Atomic Energy Commission has done
in their decontamination procedures, I think,
would help a lot.

- Mr. Do~varwp R. Beeym, Assistant Personnel
Director, Adams R. & D. Consultants, Inc. I
would like to address a question to Dr. Love-
lace, concerning this matter of waste disposal.
Would this system be purely mechanical or
would we go into a biological regeneration
system1

Dr. W. R. Lovirace 11, Well, the biological
regeneration systems have the advantage that
they don’t require the power that some of these
other systems require. And, of course, we do
have a nice hard vacuum which will kill off a
lot of things that we don’t want around. If you
can expose the samp'2 to the vacuums.

Mr. Doxarp R. Bees. I would like to ask you
another question. About what is your esti-
mation on time on a biological regeneration
system? Are there any being developed at this
time?

Dr. W. R. Loverace I1. They are being de-
veloped. It's an area that we haven’t been
working in out at our place, and I don’t know
what the true time schedule would be.

Mr. L. A. HyvrLavp. Gentlemen and ladies,
I think you have been very patient. I think
that some of our interests are beginning to be
satisfied. I want to thank you very much for
your attention. It has been interesting indeed
on this long session to see how many people
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have been on the edges of their chairs, aml 1
think that it is really a tribute to the interest
that the nution as a whole has in the space
program. ’

AFTERNOON SESSICN

Chairman Stvart. Now it’s my plevsure to
introduce to you Dr. Ben Henneke, Pre:ilent of
the University of Tulsa.

Dr. Bex Hexvexe, It is my extrons zeod
~pleasure "to be-permitted to present o ot
gentleman who in his own Tifetime his | i
pated in the last exploration of the w:’. onn

frontiers of this our world, and then cci:luued
his interests in science into this new field 1 the
exploration of space. Dr. Lloyd V. Berkner,
who is not only a scientist, but one of the scien-
tist warriors of our time, a Rear Admirai in the
Naval Reserve who worked -his way up from
rating through all ranks, who in his youth par-
ticipated in the Byrd explorations of the Ant-
arctic, now Chairman of the Space Science
Board of the National Academy of Sciences
and President of the Graduate Research Center
of the Southwest, which is located in Dallas:
Dr. Berkner will be our speaker and will speak
on space sciences.

[Address of Lloyd V. Berkner was then
presented.]

Chairman Strarr. It is now a great pleasure
for me to present James E. Webb, Administra-
tor of the National Aeronautics and Space
Administration.

Mr. Jaxes Epwix Wess. Thank you. Har-
old. It'sa very great privilege to be here. I'm
proud that the National Aeronautics and Space
Administration could be one of the sponsors of
this gronp. I'd like to say we very deeply ap-
preciate the work that Harold Stuart and the
people here in Tulsa have done to make this
meeting a success. We deeply appreciate the
opportunity that the outstanding men who were
in NASA long before I went there have had
to come to know you, to let you see them. to let
you test the quality of their thinking, and to
let you see the kind of associates that we have
in men like Lloyd Berkner on the Space Science
Board to mateh the highly technological axpects
of NAS.A operations.

Now, I have just a moment or two, because




1 know that you are going on to & most im-
portant program. I know I had my say last
night. But I would like to emphasize just for
a very brief moment the tremendous impor-
tance of what Dr. Berkner has said in the tran-
sition we have now made through the use of
modern rockets and modern space vehicles, from
observation of a vast variety of phenomena in
space through.the hazy atmosphere of the

""" Earth, and the strides we have now made that

permit us to design and take out into space ex-
perimental apparatus to measure very precisely
the specific phenomena desired. I think it's
very important here to take one step further and
ask yourselves here at this conference, what is
it that Oklahoma, what is it that the Southwest
can do now to help provide the brains to design
the experiments that these giant space crafis
‘will be flying eight and ten years from now.
Because up to now, we have been drawing on
a bank of scientific knowledge on the brains of
a few men, to design the experiments that could
go into vehicles weighing less than a hundred
pounds in most cases.

Now, when you come to vehicles of the size
Dr. Berkner has expressed, with a tremendous
potential for carrying experimental apparatus,
I think it's obvious that work should start now
for the training, the evaluation, the research,
the design of experiments for the period eight
to ten years from now. We have to make a
deposit in the bank if we expect to make the
withdrawal later.

One more item I would like to mention and
that is related to the statement that Mr. Hyland
so cogently made at the end of this morning’s
conference. Namely, that we in this nation not
only have to have an administration that can
bring the various forces together, can map out
and plan a program of this kind, that can, in
the words of Mr. Dempsey, begin to match up
the capacity of the various units in the govern-
ment for cooperative endeavor and puzzle out
the work, but can so schedule it that it actually
fits together into a very thorough going piece,
efficiently exercised and carried out : but further
than that, we have to see that over a long period
of time such a vast plan involving so many
complex problems can actually be efficiently
organized, administered and the results

achieved. We have not in this country done
nearly so well in carrying out vast enterprises
of this kind as we have in many cases in making
our hopes and dreams into such plans. So, 1
think it is extremely important to recognize
here at this conference, as Congress is about to
consider this program put forward by the Pres-
ident, that the commitment is not only to a
program. to a concept, to an idea; but to a sus-

tained wivicy involving many diverse elements - -

of our nation, the industrial complex, the uni-
versity complex, the world of science, the most
brilliant minds we have, the economic analysis
of the applications, the work by industry to
bring those studies of the potential into actual
realization by men and women around the
world. But it is of the greatest significance
that we find a way to bring all of these elements
into a harmonious relationshin that carries the
work on. Here we do not have our normal
means of adjustment in the price mechanism in
tha market place. We have much work to do
to design the criteria by which such complex

judgments, such complex interfaces, to use the-

word that has been expressed here, can actually
do the job required if our democracy is te move
forward. I think in conclusion I wouid iike
to say that, to me, this conference is a continun-
tion of a movement started in this Stare of
Oklahoma when the Frontiers of Science Foun-
dation brought the Atoms for Peace program
from Geneva here and showed it to some four
hundred thousand people in Oklahoma. 1When,
as a second item, the demonstration on our 50th
birthday as a State of research as a process was
put together, was so supported in this State,
that more than 2400 people carie off of the lines
going through these wonderful exhibits that

were brought here with the help of such men.

as Dr. Mervin Kelly, who will be here in a few
moments as the chairman of this panel, and sat
down at a little table with a professor from the
university or school superintendent or a teacher,
and said, “I would now, having seen this tre-
mendous demonst ration of research as a process,
would like to know what it means to me. What
university should I go to, what courses should
I take, and so forth.” o here following the
Atoms for Peace show, following the Research
as a Process demonstration, we now have the
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National Conference on the Peaceful' Uses of
Space. So I think Oklahoma has not only set
a first, it has set three firsts, and I think that
Harold Stuart has some right to claim the
second conference, although I must say I am not
able to make a commitment, when Senator
Magnuson sends the kind of telegram that he
did—he’s the chairman of the Appropriation
Subcommitee that handles the money for the
space agency. Co

At least I think you have earned the right
to be in the competition, and I thank you very
much for coming here. And I hope very much
that any of you who feel your desire for more
knowledge will let us know, will pursue the in-
creasing flow of knowledge coming from the
press; and I might mention to you, if I ean get
in & slight commercial for Dr. Berkaer in view
of the tremendous speech he has made here to-
day, he has a book just out which is called
“Science in Space,” published by McGraw Hill.
It’s very valuable; it will cost you $7.50, but
this is the kind of thing I think you need to
look to, not the kind of Buck Rogers writing
that you may even enjoy in the comics, but the
serious kind of analysis of these problems rep-
resented by this book. So thank you very
much; I hope to see you again, fellow travelers.
fellow space travelers on the spaceship Earth:
thank you. .

Chairman Stvarr. I would like to introduce
to you Dr. Mervin J. Kelly.

[Papers by J. R. Pierce, Elmer W, Engstrom,
Herbert Trotter, Jr., T. A. M. Craven, Edward
R. Murrow, Philip J. Farley, Harry Wexler,
and Henri Busignies were then presented.]

Dr. Mervix J. Kewny. As I told you earlier,
the members of the panel each heard the pres-
entations for the first time of the other mem-
bers and, as this is a completely unrehearsed
program, I am going to make an offer that may
not be required; but I am going to first, before
turning questions to the floor, give any panelist
an opportunity to query any other one on any-
thing they presented. So we now will give the
panel an opportunity to question each other if
they choose.

"Dr. J. R. Piekce. T wish to address a rather
simple, I am afraid, question to the other mem-
bers of the panel as they talked about satellite
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communications. I regard satellite communi-
cations as a very promising infant, but an in-
fant still which takes a few steps, which some-
times stumbles and falis on its face. And I
am so happy when it has some little success. It
seems to me that my fellow panelists have scen
in this infant as a fond father will see in the
adult it may sometime be. And Messrs. Eng-
strom and Trotter have provided it with duties

-and obligations more than sufficient to 8 healthy

man, Mr. Craven has said that it must not fall
in the paths of unrighteousness, but must walk
straightforward, one foot ahead, with its eves
on the heavens. Mr. Murrow has laid out for .
it a grand missionary of the world, telling us
all to keep in mind that its life may not. be
worth living, and Mr. Farley has asked it to-
serve the nation immediately. to carry the bur-
den of the weak on its back, and incidentally,
to solve some of the problems of disarmament.
Now, I ask you gentlemen, poor, poor infant,
isn't its life going to be very difficult in such
a developed world?

Dr. Mervix J. KeLLy. John, you have some
people on the spot.

Dr. Ersrer W, ExcstroM. I'm not sure that
I wish to respond to Dr. Pierce’s observations,
because I had in mind making some that were
of a similar nature. First, I should like to
make sure that no one goes away feeling that
members of the panel, at least this member, fa-
vors a decision now between a low-altitude and
a high-altitude satellite for communications so
far as experimentation is concerned. In fact,
we don’t have that choice. There are two pro-
grams underway, one a low-altitude satellite,
one a high-altitude satellite, and we need to
carry on the experimentation with both of them
because we need a more comprehensive ap-
praisal of the situation than we have at the
present time. What is important today is that
we move as expeditiously as possible with all
forms of experimentation. And this means not
only the programs which the government will
sponsor or have underway, but those programs
also which industry will wish to conduet.  And
in this respect, cooperation is needed from the
government because of the rocketry situation.
There are two time needs that I would like to
put in perspective for you. When do we need
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such a system? The first need relates to a mat-
ter of natioual prestige. For this we need it
just as soon as it is humanly possible. The
second need has to do with the commercial re-
quirements of traflic. This may come at about
the time we have the system in full-scale oper-
ation, or the system might slightly precede the
full traflic need. But 1 think it’s necessary to
keep this in perspective because of the na-
tional prestige requirements that are involved
here,

it can be fully loaded with traffic, it appears
to engineers at the present time that this
method of communications will be at least as
favorable as the most low-cost method known
at present for carrying messages from one point
on ground to the other. Now, what is impor-
tant is as we move along that at the right time
we choose the system that will best serve all
the peoples of the world. And the system
should be one so that all of the nations of the
world will have a need and a desire to keep it
in operation. In other words, that it will not
be subject to the political moves and maneuvers
of nations throughout the world. They all
ought to share in its use. They all ought to
have a desire to keep it in operation. Now,
some of the considerations that were raised to-
day by panel members which serve as current
thoughts on limitations, I'm sure will dissolve
as we make progress, because this has always
been the case and the end result which will be
the right one will beconie clearer as we go along.

Mr. T. A. M. Cravex. Mr. Chairman, I know
that the Communications (Commission has to
be righteous, because the law requires us to be.
And the Department of Justice sees to it that
the industry follows along. It is our desire
on the Communications Commission to get a
coordinated effort by private enterprise started
right away, We want them to start making
traflic arrangements with other nations of the
world and to deal with other nations of the
world with respect to the owner of the birds
themselves. Some of the nations will want
ownership in the birds, others will not. They
will want some rights to use. Now, another
phase, I think we have to demonstrate the tech-
nical feacibility of the carly systems, but I
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An indirect reference was made to the -
cost of such a system. At such a time as when

~deal

anticipate that will be done from research
as time goes on. We have to replace these
birds every so often and at that time you can
introduce compatible improvements, though I
don’t worry too much about the ultimate sys-
tem.  We will arrive there and we will arrive
there properly. It is fortunate that the earlier
systems may have some shortness of life in the
birds themselves. Now, with respect to the De-
partment of State and the USIA, I agreed with
the Department of State, but i1 this instance,
I think it’s necessary to take into consideration
the economic factors that are involved.

Dr. Merviy J. Keroy. Thank you. Is there
any other panelist—Mr. Busignies?

Mr. Hexrr Busionies, In the ICB system,
the trouble is communication in international
communications. And the first remark I
would like to make, while we do have a good
of good communications—we use the
transatlantie cable, I'm sure you are all familiar
with the relatively poor type of telephone
communications which results from the use of

A-check radio circuits. With all the best.

equipment and techniques which are now avail-
able, this, the quality of the trunsmission, is cer-
tainly very inferior to what you would like to
get.  And because of my work in this company,
I truvel throughout the world and I do use the
telephone very often in all parts of the world.
And the change to, or rather the addition of, a
system which would have the quality necessary,
the quality of the same over there that you can
ask when you call San Francisco from New
York or New York to London, or Paris from

New York through the transatlanti; cables, .

will change completely the aspect ®f inter-
national communication. The development of
this traflic will be very substantial as a result
of the use of a higher quality circuit. There
are many many instances of people who after
having used one of the existing cireuits
throughout the world that just hope that they
won’t have to phone again.  They look forward
to another communication of the same type
with horror, not with satisfaction. Therefore,
there is plenty to be done in that direction, and
we have an opportunity with the satellite sys-
tem to do something about it. Our company
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plans at its own expense to install a terminal
for the relay satellite project in South America,
where we do have our telephone companies

operating there. We also hope that we will

not have too often to change as a result of
progress to ground installations, even though
we would be willing to doso. There are many
countries which do not want to change their

-communication terminal several times during
the next 10 years.

This will ‘Lave to be very
carefully considered before proceeding with
that. Changes in the satellite to make the life
longer, to make it better, that's all right. But
we should agree on a system, on a worldwide
basis, which would operate for a substantial
length of time without too many changes and
modifications, Communication industry is not

“used to offering these very frequent chunges of

systems.

Dr. Mervix J. ‘Kewy. Thank you, Mr

Busignies.

Mr. Percy Carg, Towa State University.
I would like to address my comments to Mr.
Murrow. In my opinion, Mr. Murrow doesn't
need to be concerned about the blood-letting
and blood-burning picture getting in the areas
where the information will be detrimental to us.
There are others who will take care of that.
What we need to do is to have some system that
will get behind these various curtains and we
might be specific and talk about the Iron Cur-
tain. There it seems as though technology has
developed to the point where we might make a
communications satellite that could carry pic-
tures compatible to their systems over their area
and get some of the favorable news into them
directly. And in this case, since the television
information will be carried on microwaves,
which are highly directional, the people could
avoid considerable j jamming from the ground if
they were informed as to how to make direc-
tional antennas and follow the satellite. In
fact, my suggestion would be, the first message
over would be a message on how to do this.
And then they could follow the low-flying
satellite illuminated by daylight; and this
would be in the time of dark, so they would be in
the dark and be very very hard to be policed.
So they might very well get some information.
In the light of this, I would like to ask Mr.
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Murrow if he wouldn't like to be the first one
to support this program most effectively.

Mr. Eowarp R. Mvrrow. Mr. Chairman, 1
trust that 1 did not inadvertently cast myself
in the role of an opponent of progress. That
was not my intention. I think that the matur-
ing years of this new system will be exceed-
ingly diflicult, because it is a difficult world in
which we live. T agree that it would be ideal

if this system of communications~could be "~

divorced entirely from the cut and thrust of
political and psychological warfare competi-
tion, but until this minor planet is governed by
an enforceable rule of law, I see no real possi-
bility of that happening. Your question, sir,
my technical knowledge goes to the extent of
knowing that it could be done.
difliculty is the political one as to whether the

- decision is made to intrude and whether there

is any agreement possible now or in the future.

Mr. Percy Carr. It seems as though the pro-
gramming of things that go into such areas
could certainly be. controlled without being
called adversive censorship by agencies such as
the FCC, your agency, and the State Depart-
ment.

Mr. Epwarn R. Murrow. That's true.
. Dr. Mervix J. KeLLy, Any other questions,

Mr. BirL Martrox, Nathan Hale High School,
Tulsa. T am addressing my question to the
panelists in general. I would like to know if
it would be possible to establish a system of
satellites stationary such as presently planned
for communications, only have it using a unit
combining all three—that is, communications,
weather, and navigation.

Dr. HerserT TroTTER, JR. I don't think a
stationary satellite helps you from navigation.

Mr. Hexgrr Busionies, The stationary satel-
lite could be used for navigation, but with the
stereographical system involving very detective,
expensive containers to determine its angle.
And that's why the people have declded to use
the Doppler system instead.

Dr. Hersert TRoTTER, JR. The other problem
is it's a matter of weight, putting it up there,

and the more you want it to do, the more it .

weighs and the more complex it is. And we at
the present time will have enough trouble get-
ting it up there to do one job at a time,

The obvious




Chairman Srvarr. Dr. Kelly, what is the
feasibility of jamming all three, of the weather,
the communications and the navigation satel-
lites and the possibility and the feasibility of
doing that{

Dr. Evyer W. Excstroy. The possibility is
very good of jamming, because if you can direct
a signal at the satellite strong enough and unless
the satellite has facilities in it to protect itself

- from being jammed, it is possible to.jam it.

And this will mean that for certain services
there will have to be inbuilt sophistication to
take care of this.

Dr. Herserr TroTTER, JR. T think the prob-
lem here evolves around first-, second-, and
third-generation systems for worldwide com-
munication. The first-generation system, of
course, is capable of being jammed, any of it is.
But on the other hand, if it’s used worldwide

by all the peaceful world, any country that.

jams it, it is obvious at once which one is jam-
ming, and I don't know of any nation that could
stand world opinion to jam the communications
of the free world.

Chairman Stvart. Of course, the free world
which we hope it always will be, but it would
be possible then to destroy, as T understand, the
navigation, communications, and weather in the
event of a war.

Dr. Hereert TroTTER, JR. You also could
launch additional ones, too. And you would
probably be prepared to launch additional ones
for needed service.

Mr. Hesrt Busioyies. The lower-altitude
satellite cannot be jammed very easily; that is,
the Transit satellite, for instance, at five hun-
dred miles would have to be within range of
enemy territory to be jammed.

Dr. W. R. Loverace. 1 wanted to challenge
Dr. Engstrom on jamming system.

Dr. Merviy J. KerLy. Any other questions.

Mr. Joux W. Herrick, American Aviation
Publications, Beverly Hills, Calif. I feel that
Mr. Murrow is a little out of company; I want
to shorten his name from “Director™ to “Doc-
tor” and then ask him a question, as doctor of
communicated information. This has been
quite a well-balanced and well-planned meeting,
but there is one thing lacking and that's any
discussion on space law. Don't you feel, Dr.

Murrow, that before any of these problems that
you are concerned about, the quality of our
program, the image of the United States will
actually all be settled when we find out what
type of space law we will have and what type
of treaties and agreements we will have?

Mr. T. A. M. Cravex. I know that the State
Department will want to join in on this. If
you are going to wait for the international
lawyer to settle the problems of space law, we
can get started. The commission has proceeded,
I think the rest of the Government is proceed-

. ing, insofar as the orbit of satellites is for

peaceful purposes. There will be no great
objection.

Mr. PmiLie Farcey. I would just like to ex-
pand on what Commissioner Craven said. We
think the best basis on which to proceed is to
try to find things which are in the general in-
terest to do and thus establish a practice out.of
which law can be formulated. If we do it the
other way around, we will get more controversy
than we will results.

Mr. Joux Herrick. In connection with the
navigation satellite, I'd like to ask a question of
Dr. Busignies. Should we not consider more
than one type of navigation satellite, though,
because I think there are arguments on both
sides which are at present unresolved. For
instance, the ephemeris problem is a serious
one, but the higher we put a satellite the less
serious it becomes. At the present time, they
publish the ephemeris of our Moon, which is a
natural satellite, for at least two years in ad-
vance and they think they can do it for two
to four hundred years in advance. So if we
would put a satellite up higher, the ephemeris
would become relatively easier and at some
point it could be predicted for a year in ad-
vance. While the complexity of angular meas-
uring equipment on the ground may seem large,
it is not necessarily more complicated or dif-
ficult than some of the Doppler analyzing
computer things.isit? And also, the simplicity

‘of the satellite aloft just as a sort of a beacon

or directional signal, the constant frequency is
not a requirement in the high satellite and only
a few satellites are necessary, while in the low-
flving transit system, many are necessary. The
FCC would be happy to have fewer satellites.
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Mr. Hexkt Busionies,  Well, I'd like to com-
ment by saying first that my greater description
of the Transit satellite and of the work done is
because it is an existing program which is going
to result in a working system in the relatively
near future, and it seems to those who study the
development of it, and I am quite open on the
subject because 1 didn't and I am present up
here. At the beginning, it was simpler to ap-
proach it from the use of-the Doppler systen.
Later on, you may be completely right, that
when higher, much higher satellites can be used.
I don’t mean stationary because those would be

moving all the time by their control system, and -

therefore would be subject to shifts and errors

“which would be difficult to predict. But the

others, say 10,000 miles or 15,000 miles, could
later on. with a powerful transmitter simplify-
ing the receiving system on the Earth, could
later on successfully be used with ephemeris.
They are not eliminated I am sure from a dis-
cussion, but the time is not quite ready for them
yet. because of lack of technology to place them
there and so on. '

Mr. Cnagces J. Kocn., The Martin Co., Balti-
more, Md. Dr. Engstrom, could you give us
an estimate of the weight of your 24-hour tele-
vision broadeasting station that would have
hemispherical coverage on you last slide that
you showed?

Dr. ELMer W, Excstroy.  No., siry I eannot,
because it will take something in the order of
kilowatts up to ten to have limited coverage and
more, of course, to have hemispherical coverage.
And I indicated that this is substantially more
distant in the future than what we can contem-
plate for a communications satellite. Not only
when we come to the weight of the transmitter
but it’s unlikely that we can derive power from
the Sun for this purpose. So we will have to
carry our own fuel, '

Dr. Mervin J KLy, Any other questions?

Mr. E. Auex Cook, Operations Research
Chief, Ross-Martin Co., Tulsa. This may be a
partial answer to the double-barreled question
Ihave. Dr. Engstron, if I understood you, you
said that under full utilization, the cost. for
telephoning might be such that 1 could dial
home for a dime from the corner drugstore. 1
don t know if you meant bet ween any two points
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it would be cheaper than the present method.
et me make my other comment, because it's
related, and ask Mr. Murrow. Apparently ra-
dio TV-FM program commands much better
cireuits with its budget than do private tele-
phone calls. One wonders about the over
bombardment of the individual with informa-
tion now in the form of all the things that im-
pinwe on his senses and demand his loyalties.
cioaon think we are ever ‘going to”have i
i in this area? :

2o  Fraer W, Exostrom. Well, first et me
explain what I meant, if I was not clear. What
I intended to say was that when one computes
the cost of the equipment, the cost of getting the
satellite into place, the cost of maintenance of
the xystem. that this turns out per channel mile
of heing favorable with other means of com-
munication. I made no reference to what it
would cost you to get a radio message or a tele-
phone message from one point to another. Now,
this is all that is necessary for the system de-
signer to know, that he is on a favorable route
to get a right answer.

Mr. Epwarp R. Murrow. 1 think the only
comment on the second part of the question
would have to be that the ear of the world is
being assailed with more and more sound and
the difficulty is to sort it out.

Col. Martix MexTER, Federal Aviation
Agency. T wonder, have there been any
thoughts as to whether or not the commercial
type satellite is subject to taxation by a sub-
jacent sovereign or perhaps the communication
itself subject to possible actions for slander. I
mean that in a serious vein; it's not a facetious
question,

Mr. T. A, M. Cravex.  What would be the
difference between that and the present radio
systems?

Colonel MExTER. Well, T assume you have
under the present intenational radio systeni, vou
have already a series of agreements to cover
this and on a satellite I don’t know: I'm asking
as to whether or not the satellite perhaps would
transverse more sovereignties than you cover
by an international radio system. I assume

under the latter you do beam it to a particular
place.  Perhaps it’s too early, really, to even
think of it.




Dr. Hernerr Trorrer, Jr.  If they are sta-
tionary satellites, they may be out over the
ocean anyway, so they are in free territory.

Dr. Merviy J. KeuLy.  Any other questions.

Mr. Geore H. Stoxer, Program Manager,
Dyna Soar-Boeing Co., Seattle, Wash. Con-
spicuous by its absence in this panel discussion
has been any mention of the role of men in con-
nection with maintaining the systems involved.

- General Ritland mentioned this possibility this
morning. T know th.i the telephone systems ™
have become very adept at maintaining subma-
rine cables for years and years without main-
tenance and remote stations. But I imagine it
is a great convenience to at times go and repair
the equipment. Does the panel wish to comment
on the economics of manned maintenance of the
equipment they have been discussing?

Dr. J. R. Pizrce. T would like to comment
onthat if Imight. Itseems tomea day beyond

- my imagining when it would be cheaper to shoot
& man up to repair a satellite thun it would be
to shoot up a new satellite.

Dr. Herserr Trorrer, Jr. You might say.
one thing about the satellite. If it ends up
that we can dial any phone in the world, in-
stead of being able to dial only the wrong
number locally, or then with the event of long-
distance dialing we can dial the wrong numi-
ber in any place in the United States, maybe
some day we can dial the wrong number any
place in the world: we have more latitude to
make mistakes.

Dr. Haroip S. Branam. Aerospace Corp.,
Los Angeles, Calif. I think the point that Dr.
Engstrom made about the prestige value of
putting the communication satellite up is real
important. Tt seems clear from the comments,
economically and technically it would be pos-
sible to do so in the 63 to ‘65 period. But I
think an important consideration is that we
do it as soon as possible, because if we do it
in 65 and we could have done it in ‘63 and
the Russians do it in ‘64, T think we will be
very unhappy about the whole thing. So I
would like to address a question to the propo-
nents of the high-altitude, medinm-altitude
satellites: Assuming that there was ennugh
national priority and assuming that the boost-
ers were available, what time scale would one
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have an operational system? I am not talk-
ing about an experiment or a few of them in
there, but something that would be useful some-
thing like 24 hours a day or close to it.

Dr. Hersert TrorTER, JR. Would you define
your question. By “useful”, you mean use-
ful between New York and London, or do you
mean—-

Dr. Hiroo S. Bram s, Transatlantic.

Transatlantic, lot's say, an operational trans-
‘atlantic; LT

Dr. Herserr Trotrer, Jr. Only transatlantic
or do you want a worldwide system? T think
this is what it comes down to. It makes a lot
of difference which question you ask. If you
want a way to supplement the cables between
New York and London, the answer is one way.

Dr. Harorp S. Branay. Let's say both ways,

Dr. Hersert Trorrer., Jr, If you want both
way's :
Dr, Harorp 8. Branay. In other words, I
think that the impact of a transatlantic system
would certainly be the important thing and then
you could have it grow to the international one.
I think, for two reasons, it all would be real
impressive and excellent, and would have a
great impact on world opinion, and T think that
the ~econd thing, it would be a real useful thing.
T think they ars correlated and if you had a
transatlantic system in, I am sure you could at
the same tine get some coverage to other points,
In other words, if you had a transatlantic
system in you could probuably get, for example,
the 24-hour one you can get coverage in South
America.  This would be valuable. You can
get coverage to certain parts of Africa with the
system that Dr. Pierce is talking about. You
probably would not get continuous coverage to
the whole world, but you would get coverage for
certain periods of time. In other words, you
might get 24 hours, or close to 24 hours, on
the transatlantic system, but You might get
something like five hours to Africa or a couple
of hours to South America, and this woutld be
important.  So, I think—I agree there isa great
area in there, but almost the same complete
coverage on transatlantic coverage worldwide,
I want to get an idea of the time seale: T think
it’s a chief point to find out in making a deci-
sion as to which system makes the most sense
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" . combinations of the two.

as to the time scales involved, because I think
the eventual system, you probably will have
I think we would like
to get an idea when the first one would be
developed.

Dr. Hersert TrotrER, JR. T think the answer
to this would involve an argument going into
many hours. T think this is some of the big
arguments that have gone up in the past. Cer-
tainly for a quick experimental one there is no

argument, the low one does. With the low one~~
" you need to put up, according to Bell's argu-

ment, about fifty. This is quite a number for
worldwide systems, plus if you want a world-
wide system you probably would have to build—
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I don’t know, I am not sure of the answer,
probably a couple hundred of their Lig moving
antennas with a stationary system, then you
wouldn’t need this.

Dr. Merviy J. Keuwy. T think this is a good
point at which to suspend the questions, time is
getting on, so I am going to turn this meeting
back to Mr. Stuart. ®

Cuamyax Stearr. Thank you, Dr, Kelly.
Dr. Pierce, Dr. Engstiom, Dr.. Trotter, -Mr.

Craven, Edward R. Murrow, Philip Farley, Dr.

Wexler, Mr. Busignies: it was very fine. We
appreciate the wonderful panel you had this
afternoon. It was most informative and most
interesting, and we want you back again,
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